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(54) METHODANDAPPARATUSFOROPTICAUNFORMATION.METHODANDAPPARATUSFOR 
REP RODUCINGOPTICALIN FORMATION, APPARATUS FORRECORDING/REPRODUCING 
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(57) The present invention makes it possible to 
reduce the size of an optical system for multiplex 
recordingorreproductionofinformationutiiizingholog- 
raphy. 

A pick-up (1 1) of an optical information record- 
ing/reproducing apparatus generates information light 
by spatially modulating laser light emitted by a light 
source device (25) with a spatial light modulator (18) 
dependingontheinformationtoberecordedandgener- 
atesreferenceitg htforrecord i nghavi ngaspatial lymod- 
ulatedphasebyspatiallymodulatingthephaseoflaser 
beam emitted by the light source device (25) with a 
phase-spatiaIlightmodulator(17).Theinformationlight 
andthereferencelightforrecordingareprojectedupon 
an optical information recording medium (1 ) such that 
they converge in different positions, and information is 
recorded in the hologram layer (3) in the form of an 
interferencepatternasaresultofinterferencebetween 
theinformationlightreflectedbyareflectingfilm(5)and 
thereferencelightforrecording.Thepositioningofthe 
informationlightandthereferencelightforrecordingis 
carried out based on information recorded in address 
servoareas(6). 



? T « 7 « 



FIG. 1 




ill 



Printed byXerox(UK)BusinessServices 
2.16.7(HRS)/3.6 



1 EP1065658A1 2 



Description 

TECHNiCALFIELD 

[0001] The present invention relates to an optical 
information recording apparatus and a method for the 
sameforrecordinginformationinanoptical information 
recording medium utilizing holography, an optica! infor- 
mation reproducing apparatus and a method for the 
sameforreproducinginformationfromanopticalinfor- 
mation recording medium utilizing holography, an opti- 
cal information recording/reproducing apparatus for 
recordinginformationinanopticalinformationrecording 
medium and reproducing information from an optical 
information recording medium utilizing holography and 
anoptical information recording medium in which i nfor- 
mationisrecordedutilizingholography. 

BACKGROUNDART 

[0002] Ingeneral.holographicrecordingforrecord- 
inginformationinarecordingmediumutilizinghologra- 
phy is performed by overlapping light carrying image 
information and reference light in a recording medium 
andwritingresultantinterferencefringesintherecord- 
ing medium. When the recorded information is repro- 
duced, the recording medium is illuminated with 
reference light to cause diffraction attributable to the 
interference fringes which reproduces the image infor- 
mation. 

[0003] Recently, volumeholographyand.morepar- 
ticularly.digitalvolumeholographyhasbeendeveloped 
andisattractingattentioninpracticalfieldsfornighden- 
sity optical recording. Volume holography is a method 
for writing interference fringes on a three-dimensional 
basisbyactivelyusingarecordingmedtumeveninthe 
directionofthethicknessthereof.whichischaracterized 
inthatdiffractingefficiencyisimprovedbyanincreased 
thicknessandinthatanincreasedstoragecapacitycan 
beachievedutilizingmultiplexrecording.Digitaivolume 
holography is a computer-oriented method for holo- 
graphic recording in which image information to be 
recorded is limited to binary d igital patterns in spite of 
the fact thatthesame recording media and recording 
methodasthevolumeholographyareused. According 
to the digital volume holography, for example, analog 
imageinformationsuchasapictureisoncedigitizedto 
develop two-dimensional digital pattern information 
which is in turn recorded as image information. When 
reproduced, the digital pattern information is read and 
decodedtorestoreanddisplaytheoriginalimageinfor- 
mation.Sincethismakesitpossibletoperformdifferen- 
tial detection and error correction on encoded binary 
data, the original information can be reproduced with 
extremely high fid el ity even with a somewhat poor SN 
ratio(signal-to-noiseratio)duringreproduction. 
[0004] Fig.75isaperspectiveviewofaschematic 
configuration of a prior-art recording/reproducing sys- 



temfordigitalvolumeholography.Therecording/repro- 
ducing system has: a spatial light modulator 101 for 
generating information light 1 02 based on two-dimen- 
sionald igital pattern information; alensl 03forcollect- 
ing the information light 102 from the spatial light 
modulator 101 to illuminate a hologram recording 
medium 1 00 withthesame; referencelightillumination 
means(notshown)forilluminatingthehologramrecord- 
ing medium 1 00 with reference light 1 04 in a direction 
orthogonaltotheinformationlight102;aCCD(charge- 
coupleddevice)array107fbrdetectingreproducedtwo- 
dimensional digital pattern information; and a lens 106 
forcollectingreproductionlight105emergingfromthe 
hologram recording medium lOOtoilluminatetheCCD 
array 1 07 with thesa me. CrystalsofLiNb0 3 orthelike 
areusedforthehologramrecordingmediumlOO. 

[0005] In the recording/reproducing system shown 
inFig.75,recordingisperformedbydigitizinginforma- 
tionofanoriginalimageortheliketoberecordedand 
byarrangingtheresultantsignalshavingavalueoflor 
0 on a two-dimensional basis to generate two-dimen- 
sional digital pattern information. One piece of two- 
dimensional digital pattern information is referredtoas 
"page data". Let us assume here that page data #1 
through#narerecordedinthesamehologramrecord- 
ing medium 100 on a multiplex basis. tnthiscase,the 
spatial light modulator 101 first chooses totransmit or 
blocklightforeach pixel basedonthepagedata#1 to 
generatespatiallymodulatedinformationlight102with 
which the hologram recording medium 100 is illumi- 
nated through the lens 1 03. Simultaneously, the holo- 
gram recording medium 100 is illuminated with 
referencelightl 04inadirection 61substantiallyorthog- 
onal to the information light 102 to record interference 
fringes resulting from overlap between the information 
lightl 02andthereferencelight1 04msidetheho1ogram 
recording medium 100. In order to improve diffracting 
efficiency, the reference light 1 04 is transformed by a 
cylindricallensorthe like into flatbeamstorecordthe 
interference fringes in the hologram recording medium 
1 00 even in the direction of the thickness thereof. To 
recordthenextpagedata#2,thereferencelight104is 
projected at an angle G2differentfrom 01andisover- 
lapped with the information light 1 02 to perform multi- 
plex recording of information in the same hologram 
recording medium 100. Similarly, to record the other 
pagedata#3through#n,thereferencelight104ispro- 
jected at respective different angles ©3 through Onto 
record information on a multiplex basis. Such a holo- 
gram havinginfor mationrecord edthe re inonamu I ti pi ex 
basisisreferredtoas"stack".lntheexampleshownin 
Fig.75,thehologramrecordingmedium100hasaplu- 
ralityof stacks(stack 1 ,stack2 , . . . , stackm ,...). 
[0006] Arbitrarypagedatacanbereproducedfrom 
astackbyilluminatingthestackwithreferencelight104 
atthesameincidentangleasthatforthe recording of 
the page data. As a result, the reference light 1 04 is 
selectivelydiffracted by interference fringes associated 
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with the page data togenerate reproduction light 1 05. 
The reproduction light 105 impinges upon the CCD 
array107throughthe!ens106,andtheCCDarray107 
detects a two-dimensional pattern of the reproduction 
light. The detected two-dimensional pattern of the 
reproductionlightisdecodedconverselytotheprocess 
performed du ring recordingsothatinformationsuchas 
anoriginalimageisreproduced. 

[0007] While the configuration shown in Fig. 75 
allows multiplex recording of information in the same 
hologram recording medium 100, in order to record 
information with a high density, the positioning of the 
informationlightl 02andreferencelight1 04intheholo- 
gramrecordingmediumlOOisimportantlntheconfig- 
uration shown in Fig. 75, however, since the hologram 
recording medium 1 00 itself carries no information for 
positioning, there is onlya mechanical way to position 
theinformationlight102andreferencelight104onthe 
hologram recording medium 1 00, which makes itdiffi- 
cultto perform the positioning with highaccu racy. This 
hasresultedinproblemsinthatremovability(theease 
ofperformingrecordingandreproductionofahologram 
recording medium on a recording/reproducing appara- 
tus after moving itfrom another re cording/reproducing 
apparatus with the same results as on the previous 
apparatus)ispoor;randomaccessisdifficult;andhigh 
densityrecordingisdifficult.Theconfigurationshownin 
Fig. 75 has another problem in that it involves a large 
optical system for recording or reproduction because 
the optical axes of the information light 1 02, reference 
lightl 04andreproductionlight1 OSarelocatedindiffer- 
entspatialpositions. 

[0008] Various methods for multiplex recording 
have been proposed in an attempt to increase the 
recording capacity of holographic recording byimprov- 
ingtherecordingdensity.Oneofsuchmethodsisangle 
multiplexing as shown in Fig. 75. However, such angle 
multiplexinghasaproblemparticularlyinthatitinvolves 
a large and complex optical system for recording or 
reproduction because the angle of the reference light 
mustbe varied. 

[0009] In addition to the above-described angle 
multiplex, proposed prior-art methods for multiplex 
recording for holographic recording include: phase- 
encoding multiplexing asdisclosed, forexample, in an 
articleofJ.F.Heanueetal./'Recalloflinearcombina- 
tionsof stored data pages based on phase-code multi- 
plexing in volume holography", Optics Letters, Vol. 1 9, 
No. 14, pp. 1079-1081, 1994 and an article of J. F. 
Heanue et al., "Encrypted holographic data storage 
based on orthogonal-phase-encoding multiplexing", 
Applied Optics, Vol. 34, No. 26, pp. 601 2-601 5, 1 995; 
and hole burning type wavelength multiplexing as dis- 
closed .forexam plejna na rticlebyEijiYAG YUetal . "A 
study on novel recording and reproduction of wave- 
lengthmultiplexrypehologramsutilizingPHB^echni- 
(^IReportoflEICE,EDI93-87,HC93-54,pp.1-5,1993. 
[001 0] I n any of the methods for multiplex record- 



ing, optical systems for recording or reproduction pro- 
posed in prior art have a problem in that their size is 
increasedbythefactthattheopticalaxesofinformation 
light, reference lightand reproduction lightare located 
in spatially different positions and in that a dramatic 
improvementintherecordingdensityisnotachievable 
because the hologram recording media themselves 
havenoinformationforpositioninganditisthereforedif- 
ficult to position light for recording or reproduction on 
thehologramrecordingmediawithhighaccuracy. 

DISCLOSUREOFTHEINVENTION 

[0011] The present invention has been conceived 
takingsuchproblemsintoconsideration.anditisafirst 
object of the invention to provide an apparatus and a 
methodforrecord ingopticalinformationcapableof per- 
form ing multiplex recordingof information in anoptical 
information recording medium in which information is 
recorded utilizing holography and an apparatus and a 
methodforreproducingopticalinformationtoreproduce 
information from an optical information recording 
medium carrying information recorded in such a man- 
ner, in which anoptical systemforreco rdingorrepro- 
ducingcanbecompactlyconfigured. 
[0012] In addition to the above-described first 
object, it is a second object of the invention to provide 
an apparatus and a method for re cording optical infor- 
mationandanapparatusandamethodforreproducing 
opticalinformationjnwhichlightforrecordingorrepro- 
ductioncanbeaccuratelypositionedrelativetoanopti- 
calinformationrecordingmedium. 
[001 3] Itisathirdobjectoftheinventiontoprovide 
anopticalinformationrecordingapparatusforrecording 
informationinanopticalinformationrecordingmedium 
utilizing holography, anoptical information reproducing 
apparatus for reproducing information front an optical 
information recording medium utilizing holography and 
anopticalinformationrecording/reproducingapparatus 
forrecordinginformationinandreproducinginformation 
from an optical information recording medium utilizing 
holography, in whichanopttcalsystemforrecording or 
reproductioncanbecompactlyconfiguredandinwhich 
random access to the optical information recording 
med i umisfacil itated . 

[0014] Itisafourthobjectoftheinventiontoprovide 
an optical information recording medium for record ing 
information utilizing holography with which random 
access and high density recording can be easily 
achieved. 

[0015] Afirst optical information recording appara- 
tus accord ing to the invention is an optical information 
recordingapparatusforrecordinginformationinanopti- 
calinformationrecordingmediumhavinganinformation 
recordinglayerinwhichinformationisrecordedutilizing 
holography,theapparatuscomprising:informationlight 
generationmeansforgeneratinginformationlightcarry- 
ing information; recording reference light generation 
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meansincludingphasemodulationmeansforspatially 
modu lating the phase of light, forgenerating reference 
lightforrecordingwhosephasehasbeenspatiallymod- 
ulatedbythephasemodulationmeans;andarecording 
opticaisystemforilluminatingtheinforrnationrecording 
layeronthesamesidethereofwiththeinformationlight 
generated by the information light generation means 
and the reference light for recording generated by the 
recording reference light generation means such that 
theinformationisrecordedintheinformationrecording 
layeri ntheformofani nterfe re ncepatternasaresu Itof 
interferencebetweentheinformationlightandtherefer- 
encel ig htforrecord i ng . 

[001 6] Aflrst methodforrecordingoptical informa- 
tionaccordingtotheinventionisamethodforrecording 
information in an optical information recording medium 
havinganinformationrecordinglayerinwhichinforma- 
tion is recorded utilizing holography, the method com- 
prising the steps of: generating information light 
carrying information; spatially modu lating the phase of 
light to gene rate reference light for recording having a 
spatiallymodulatedphase;andilluminatingtheinforma- 
tion recording layer on the same side thereof with the 
informationlightandthe reference lightforrecordingto 
recordtheinformationintheinformationrecordinglayer 
intheformofaninterferencepatternasaresultofinter- 
ferencebetweentheinformationlightandthereference 
lig htforrecord ing. 

[001 7] Inthefirstapparatusormethodforrecording 
optical information accord ingtothe invention, the infor- 
mation recording layer is illuminated on thesameside 
thereof with the information light carrying information 
and the reference lightfor recording having a spatially 
modulated phaseto record theinformationintheinfor- 
mationrecordinglayerintheformofaninterferencepat- 
ternasaresultofinterferencebetweentheinformation 
lightandthereferencelightforrecording. 
[001 8] Afirstopticalinformationreproducingappa- 
ratusaccordingtotheinventionisanopticalinformation 
reproducing apparatus for reproducing information uti- 
lizing holography from an optica I information recording 
mediumhavinganinformationrecordinglayerinwhich 
theinformationisrecordedintheformofeninterference 
pattern asa resultof interference between information 
light carrying the information and reference light for 
recording having a spatially modulated phase, the 
apparatuscomprising:reproductionreferencelightgen- 
eration means including phase modulation means for 
spatially modulating the phase of light, for generating 
reference! ightforreproductionhavingaphasespatially 
modulatedbythephasemodulationmeans;areproduc- 
ing optical system for illuminating the information 
recordinglayerwiththereferencelightforreproduction 
generated by the reproduction reference light genera- 
tion meansandforcollecting reproduction light gener- 
atedattheinfbrmationrecordinglayerwhenilluminated 
with the reference light for reproduction on the same 
sideoftheinformationrecordinglayerthatisilluminated 



with the reference light for reproduction; and detection 
means for detecting the reproduction light collected by 
thereproducingopticalsystem. 

[0019] Afirstmethodforreproducingopticalinfor- 
mationaccordingtotheinventionisamethodforrepro- 
ducing information utilizing holography from an optical 
information recording medium having an information 
recording layer in which the information is recorded in 
theformofaninterferencepattemasaresultofinterfer- 
ence between information tig htcarryingtheinformation 
andreferencelightforrecordinghavingaspatiallymod- 
ulatedphase,themethodcomprisingthestepsof:spa- 
tially modulating the phase of light to generate 
referencelightforreproductionhavingaspatiallymodu- 
latedphase;illuminatingtheinformationrecordinglayer 
withthe reference lightfor reproduction and collecting 
reproduction lightgenerated atthe information record- 
ing layer when illuminated with the reference lightfor 
reproduction on the same side of the information 
recording layer that is illuminated with the reference 
lightforreproduction;anddetectingthecollectedrepro- 
ductionlight. 

[0020] Inthefirstapparatusormethodfonreproduc- 
ing optical information according to the invention, the 
informationrecordinglayerisilluminatedwiththerefer- 
encelightforreproductionhavingaspatia I ly modulated 
phase; reproduction light generated at the information 
recordinglayerwhenilluminatedwiththereferencelight 
for reproduction is collected on the same side of the 
information recording layer that is illuminated with the 
referencelightforreproduction;andthecollectedrepro- 
ductionlightisdetected. 

[0021] A second optical information recording 
apparatusaccordingtotheinventionisanopticalinfor- 
mation record ingapparatusforrecordinginformationin 
an optical information recording medium having an 
informationrecordinglayerinwhichachangeinabsorb- 
ance occurs in an absorption spectrum thereof in the 
position of a wavelength of incident light and in which 
informationisrecordedutilizingholography.theappara- 
tuscomprising:wavelengthselectionmeansforselect- 
ing a wavelength of light illuminating the information 
recordi nglayerfrom among a plurality of wavelengths; 
informationlightgenerationmeansforgeneratinginfor- 
mation light having the wavelength selected by the 
wavelength selection means and carrying information; 
recordingreferencelightgenerationmeansforgenerat- 
ingreferencelightforrecordinghavingthewavelength 
selected by the wavelength selection means; and a 
recordingopticalsystemforiliuminatingtheinformation 
recordtnglayeronthesamesidethereofwiththeinfor- 
mation lig regenerated by the i nformation Kg htgenera- 
tion means and the reference light for recording 
generated by the recording reference light generation 
meanssuchthattheinformationisrecordedintheinfor- 
mationrecord inglayeri ntheformofani nterferencepat- 
ternasaresultofinterferencebetweentheinformation 
lightandthereferencelightforrecording. 



4 



7 



EP1065658A1 



8 



[0022] Asecondmethodforrecordingoptical infor- 
mation according to the invention is a method for 
recordinginformationinanopticalinformationrecording 
mediumhavinganinformationrecordingiayerinwhich 
achangeinabsorbanceoccursinanabsorptionspec- 
trumthereofinthepositionofawavelengthofincident 
lightandinwhichinformattonisrecordedutiiizingholog- 
raphy, the method com prising the steps of: selecting a 
wavelength of light illuminating the information record- 
inglayerfromamongapluralityofwavelengths;gener- 
ating information light having the selected wavelength 
and carrying information; generating reference lightfor 
recording having the selected wavelength; and illumi- 
natingtheinformationrecordinglayeronthesameside 
thereofwiththeinformationlightandthereferencelight 
forrecordingtorecordtheinformationtntheinformation 
recordinglayerintheformofaninterferencepatternas 
a result of interference between the information light 
andthereferencelightforrecording. 

[0023] In the second apparatus or method for 
recordingopticalinformationaccordingtothetnventton, 
the information recording layer is illuminated on the 
same side thereof with the information light having the 
selected wavelength and carrying information and the 
referencelightforrecordinghavingtheselected wave- 
length to record the information in the information 
recordinglayerintheformofaninterferencepatternas 
a result of interference between the information light 
andthereferencelightforrecording. 
[0024] A second optical information reproducing 
apparatusaccordingtotheinventionisanopticalinfor- 
mation reproducing apparatusfor reproducing informa- 
tion utilizing holography from an optical information 
recordingmediumhavinganinformationrecordinglayer 
in which the information is recorded in the form of an 
interference patternasaresultofinterferencebetween 
information light having a wavelength selected from 
amongapluralityofwavelengthsandcarryingtheinfor- 
mation and reference light for recording having the 
wavelength selected from among a plurality of wave- 
lengths, the apparatus comprising: wavelength selec- 
tion means for selecting a wavelength of light 
illuminatingtheinformationrecordinglayerfromamong 
a plurality of wavelengths; reproduction reference light 
generation means for generating reference light for 
reproduction having the wavelength selected by the 
wavelengthselectionmeans;areproducingopticalsys- 
temforilluminatingthe information recording layerwith 
the reference lightfor reproduction generated by the 
reproduction reference light generation means and for 
collecting reproduction light generated at the informa- 
tionrecordinglayerwheniliuminatedwiththereference 
lightfor reproduction on the sameside of the informa- 
tionrecordinglayerthatisilluminatedwiththereference 
I ig htforre prod uction ;a nddetectionmea nsfordetecti ng 
thereproductionlightcollectedbythereproducingopti- 
calsystem. 

[0025] A second method for reproducing optical 



information is an optical information reproducing 
methodforreproducinginformationuttiizingholography 
fromanopticalinformationrecordingmediumhavingan 
information recording layer in which the information is 
recorded in the form of an interference pattern as a 
resultofinterferencebetweeninformationlighthavinga 
wavelength selected from among a plurality of wave- 
lengthsandcarryingtheinformationandreferencelight 
for recording having the wavelength selected from 
amongapluralityofwavelengths.themethodcompris- 
ingthestepsof:selectingawavelengthoflightilluminat- 
ing the information recording layer from among a 
plurality of wavelengths; generating reference lightfor 
reproductionhavingtheselectedwaveIength;illuminat- 
ing the information recording layerwith the reference 
lightfor reproduction and collecting reproduction light 
generated atthe information recording layer when i I lu- 
minatedwiththereferencelightforreproductiononthe 
samesid eoftheinformation record i ng layerthatisill u- 
minated with the reference lightfor reproduction; and 
detectingthecollectedreproductionlight. 

[0026] Inthesecondapparatusormethodforrepro- 
ducing optical information according to the invention, 
the information recording layer is illuminated with the 
reference light for reproduction having the selected 
wavelength;reproductionlightgeneratedattheinforma- 
tionrecordinglayerwhenilluminatedwiththereference 
light for reproduction is collected on the same side of 
the information recording layer that is illuminated with 
the reference light for reproduction; and the collected 
reproduction! ightisdetected. 

[0027] Athirdopticalinformationrecordingappara- 
tus according tothe invention isan optical information 
recordingapparatusforrecordinginformationinanopti- 
calinformationrecordingmediumhavinganinformation 
recordinglayerinwhichachangeinabsorbanceoccurs 
in an absorption spectrum thereof in the position of a 
wavelengthofincidentlightandinwhichinformationis 
recorded utilizing holography, the apparatus compris- 
ing: wavelength selection meansfor selecting a wave- 
length of light illuminating the information recording 
layerfromamongapluralityofwavelengths;information 
lightgeneration means forgenerating information light 
having the wavelength selected by the wavelength 
selection means and carrying information; recording 
referencelightgenerationmeansincludingphasemod- 
ulation means for spatially modulating the phase of 
I ight.forgenerating reference I ightforrecording having 
the wavelength selected by the wavelength selection 
meansand having a phasespatially modulated by the 
phase modulationmeans;andarecordingopticalsys- 
tem foriliuminating the information recording layeron 
the seine side thereof with the information lightgener- 
atedbytheinformationlightgenerationmeansandthe 
referencelightforrecordinggeneratedbytherecording 
referencelightgenerationmeanssuchthattheinforma- 
tionisrecordedintheinformationrecordinglayerinthe 
form of an interference pattern as a result of interfer- 
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ence between the information light and the reference 
lightforrecording. 

[0028] Athirdmethodforrecordingopticalinforma- 

tionaccordingtothe invention isanoptical information 

recordingmethodforrecordinginformationinanoptical 

information recording medium having an information 

recordinglayerinwhichachangeinabsorbanceoccurs 

in an absorption spectrum thereof in the position of a 

wavelengthofintidentlightandinwhichinformationis 

recorded utilizing holography, the method comprising 

thestepsof:selectingawavelengthoflightilluminating 

theinformationrecordinglayerfromamongapluralityof 

wavelengths; generating information light having the 

selected wavelength and carrying information; spatially 

modulatingthephaseofiighttogeneratereferencelight 

forrecordinghavingtheselectedwavelengthandaspa- 

tialiymodulatedphase;andilluminatingtheinformation 

recordinglayeronthesamesidethereofwiththeinfor- 

mation light and the reference light for recording to 

recordtheinformationintheinformationrecordinglayer 

intheformofaninterferencepatternasaresultofinter- 

ferencebetweentheinformationlightandthereference 

lightforrecording. 

[0029] Inthethirdapparatusormethodforrecord- 
ing optical information according to the invention, the 
information recording layer is illuminated on the same 
side thereof with the information light having the 
selected wavelength and carrying information and the 
reference lightforrecording having the selected wave- 
length and a spatially modulated phase to record the 
informationintheinformationrecordinglayerintheform 
of an interference pattern as a result of interference 
betweentheinformationlightandthereferencelightfor 
recording. 

[0030] Athirdopticalinformationreproducingappa- 
ratusaccordingtotheinventiontsanopticalinformation 
reproducing apparatus for reproducing information uti- 
lizing holographyfromanopticalinformation recording 
mediumhavingartinformationrecordinglayerinwhich 
theinformationisrecordedintheformofeninterference 
pattern asaresultofinterferencebetween information 
lighthavingawavelengthselectedfromamongaplural- 
ityofwavelengthsandcarryingtheinformationandref- 
erence light for recording having the wavelength 
selected from among a plurality of wavelengths and 
havingaspatiallymodulatedphase,theapparatuscom- 
prising: wavelength selection means for selecting a 
wave length of light illuminating the information record- 
ing layerfromamongapluralityofwavelengths; repro- 
duction reference light generation means including 
phase modulation means for spatially modulating the 
phase of light, for generating reference light for repro- 
duction having the wavelength selected by the wave- 
length selection means and having a phase spatially 
modulatedbythephasemodulationmeans;areproduc- 
ing optical system for illuminating the information 
recordinglayerwiththereferencelightforreproduction 
generated by the reproduction reference light genera- 



tion meansandforcollecting reproduction lightgener- 

atedattheinformationrecordinglayerwheniliuminated 

with the reference light for reproduction on the same 

sideoftheinformationrecordinglayerthatisilluminated 

with the reference I ightfor reproduction; and detection 

meansfordetectingthereproductionlightcollectedby 

thereproducingopticalsystem. 

[0031] Athirdmethodforreproducingopticalinfor- 
mationaccordingtotheinventionisanopticalinforma- 
tion reproducing method for reproducing information 
utilizing holographyfroman optical information record- 
ing medium having an information recording layer in 
whichtheinformationisrecordedintheformofaninter- 
ferencepatterna saresu Itofi nte rferencebetweeni nfor- 
mationlighthavingawavelengthselectedfromamong 
a plurality of wavelengths and carrying the information 
andreferencelightforrecordinghavingthewavelength 
selected from among a plurality of wavelengths and 
having a spatially modulated phase, the method com- 
prisingthestepsofrselectingawavelengthoflightillu- 
minatingthe information recording layerf romamong a 
pluralityofwavelengths;spatiallymodulatingthephase 
oflighttogeneratereferenceiightforreproductionhav- 
ingtheselected wavelength and a spatially modulated 
phase;illuminatingtheinformationrecordinglayerwith 
thereferencelightforreproductionandcollectingrepro- 
duction light generated at the information recording 
layerwhenilluminatedwiththereferencelightforrepro- 
duction on the same side of the information recording 
layerthatisilluminatedwiththereferencelightforrepro- 
duction;anddetectingthecollectedreproductionlight. 
[0032] In the third apparatus or method for repro- 
ducing optical information, the information recording 
layerisilluminatedwiththereferencelightforreproduc- 
tionhavingtheselectedwavelengthandspatiallymod- 
ulated phase; reproduction light generated at the 
information recording layer when illuminated with the 
referencelightforreproductioniscollectedonthesame 
sideoftheinformationrecordinglayerthatisilluminated 
with the reference light for reproduction; and the col- 
lectedlightisdetected. 

[0033] A fourth optical information record ingappa- 
ratusaccordingtotheinventionisanopticalinformation 
recordingapparatusforrecordinginformationinanopti- 
calinformationrecordingmediumhavinganinformation 
recordinglayerinwhichinformationisrecordedutilizing 
holography, theapparatuscomprisingapick-updevice 
provided in a face-to-face relationship with the optical 
information recording medium, the pick-updevice hav- 
ing: a lightsourceforemitting beamsof light; informa- 
tionlightgenerationmeansforspatiallymodulatingthe 
beams of light emitted by the light source to generate 
information light carrying information; recording refer- 
ence light generation means for generating reference 
lightforrecording using the beams of lightemitted by 
thelightsource;andarecordingopticalsystemforillu- 
minating the information recording layer on the same 
sidethereofwiththeinformationlightgeneratedbythe 
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information light generation means and the reference 

lightforrecordinggeneratedbytherecordingreference 

light generation means such that the information is 

recx>rdedintheinformatior«'ecordinglayerintheformof 

an interference pattern as a result of interference 

betweentheinformationlightandthereferencelightfor 

recording. 

[0034] In the fourth optical information recording 
apparatusaccordingtotheinvention.thepick-updevice 
provided in a face-to-face relationshi p with the optical 
information recording medium illuminates the informa- 
tion recording layer on the same sidethereof with the 
informationlightandthereferencelightforrecordingto 
recordtheinformationintheinformationrecordinglayer 
intheformofaninterferencepatternasaresultofinter- 
face between the information light and the reference 
lightforrecording. 

[0035] A fourth optical information reproducing, 
apparatusaccordingtotheinventionisanopticalinfor- 
mationreproducingapparatusforreproducinginforma- 
tion from an optical information recording medium 
having an information recording layer with information 
recorded therein utilizing holography, the apparatus 
comprising a pick-up device provided in a face-to-face 
relationship with the optical information recording 
medium, the pick-up device having: a light source for 
emitting beams of light; reproduction reference light 
generation means for generating reference light for 
reproduction using the beams of light emitted by the 
lightsource;areproducingopticalsystemforiIluminat- 
ing the information recording layer with the reference 
lightforreproductiongeneratedbythereproductionref- 
erencelightgenerationmeansandforcollectingrepro- 
duction light generated at the information recording 
layerwhenilluminatedwiththereferencelightforrepro- 
ductionon the same side of the information recording 
layerthatisilluminatedwiththereferencelightforrepro- 
duction; and detection means for detecting the repro- 
duction light collected by the reproducing optical 
system. 

[0036] Inthefourthopticalinformationreproducing 
apparatusaccordingtotheinvention.thepick-updevice 
provided in a face-to-face relationship with the optical 
information recording medium illuminates the informa- 
tionrecordi nglayerwiththereferencel ig htforreprod uc- 
tion; reproduction light generated at the information 
recordinglayerwhenilluminatedwiththereferencelight 
for reproduction is collected on the same side of the 
information recording layer that is illuminated with the 
referencelightforreproduction;andthecollectedrefer- 
encelightisdetected. 

[0037] Anopticalinformationrecording/reproducing 
apparatusaccordingtothepresentinventionisanopti- 
cal information recording/reproducing apparatus for 
recordinginformationinanopticalinformationrecording 
medium having an information record inglayerin which 
information is recorded utilizing holography and for 
reproducingtheinformationfromtheopticalinformation 



recording medium, theapparatuscomprisingapick-up 
device provided in a face-to-face relationship with the 
optical information recording medium, the pick-up 
devicehaving:alightsourceforemittingbeamsoflight; 
informationlightgenerationmeansforgeneratinginfor- 
mationlightcarryinginformationbyspatiallymodulating 
thebeamsoflightemittedbythelightsource;recording 
reference light generation means for generating refer- 
encelightforrecordingusingthebeamsoflightemitted 
bythelig htsource;reproductionreferencelightgene ra- 
tion meansforgeneratingreferencelightforreproduc- 
tionusingthebeamsoflightemittedbythelightsource; 
a recording/reproducing optical system for illuminating 
theinformationrecordinglayeronthesamesidethereof 
with the information light generated by the information 
light generation means and the reference light for 
recording generated by the recording reference light 
generationmeanssuchthattheinformationisrecorded 
intheinformationrecordinglayerintheformofaninter- 
ferencepatternasaresultofinterferencebetweenthe 
informationlightandthereferencelightfofrecording.for 
illuminatingtheinformationrecordinglayerwiththeref- 
erencelightforreproductiongeneratedbythereproduc- 
tionreferencelightgenerationmeansandforcollecting 
reproduction lightgeneratedatthe information record- 
ing layer when illuminated with the reference light for 
reproduction on the same side of the information 
recording layer that is illuminated with the reference 
lightforreproduction;anddetectionmeansfordetecting 
the reproduction light collected by the reproduc- 
ing/reproducingopticalsystem. 

[0038] In the optical information recording/repro- 
ducing apparatus according to the invention, during 
recording.thepick-updeviceprovidedinaface-to-face 
relationship with the optical information recording 
mediumprojectstheinformationlightandthereference 
lightforrecording upon theinformationrecordinglayer 
on the same side thereof to record information in the 
information recording layer using an interference pat- 
ternasaresultofinterferencebetweentheinformation 
lightandthereferencelightforrecording.Duringrepro- 
duction, the pick-up device illuminates the information 
record i ng layerwiththerefe rencel ig htforreprod uction ; 
reproduction lightgeneratedattheinformation record- 
ing light when illuminated with the reference light for 
reproductioniscollectedonthesamesideoftheinfor- 
mationrecordinglayerthatisilluminatedwiththerefer- 
ence light for reproduction; and the collected 
reproducttonlightisdetected. 

[0039] An optical information recording medium 
accordtngtotheinventioncomprises:afirstinformation 
layerforrecordinginformationintheformofaninterfer- 
ence pattern as a result of interference between infor- 
mation light and reference light for recording utilizing 
holographyandforgeneratingreproductionlightassoci- 
ated with the recorded information when illuminated 
withreferencelightforreproduction;andasecondinfor- 
mation layer which is provided in a position different 



7 



13 



EP1065658A1 



14 



from the position of the first information layer in the 
direction of the thickness and in which information is 
recordedusingmeansdifferentfromthatfortherecord- 
ingofinformationinthefirstinformationlayer. 

[0040] I ntheoptical information recording medium 
accordingtotheinventionjnformationisrecordedinthe 
firstrecord i nglayerirrtheformofa ninterf erencepatte rn 
asaresultofinterferencebetweeninformationlightand 
reference light for recording utilizing holography, and 
information is recorded in the second recording layer 
usingmeansotherthanthatforrecordingofinformation 
inthefirstinformationlayer. 

[0041 ] Otherobjectsjeaturesandobjecti vesofthe 

inventionwillbecomesufficientlyclearfromthefollow- 

ingdescription. 

BRIEFDESCRIPTIONOFTHEDRAWINGS 
[0042] 

Fig.lisanillustrationshowingaconfigurationofa 
pick-up of an optical information recording/repro- 
ducing apparatus according to a first embodiment 
andaconfigurationofanopticatinformationrecord- 
ingmedium. 

Fig.2isablockdiagramofageneralconfiguration 
of the optical information recording/reproducing 
apparatusaccordingtothefirstembodiment. 
Fig. 3 is a blockdiagram of a configuration of the 
detectioncircuitinFig.2. 

Fig. 4 is an illustration of a state of the pick-up 
shown in Fig. 1 duringservo. 
Fig. 5 is an illustration for explaining polarized 
beams used in thefirstembodimentof the inven- 
tion. 

Fig. 6 is an illustration of a state of the pick-up 

showninFig. 1 duringrecording. 

Fig.7isanillustrationofastateoflightinthepick- 

upinthestateshowninFig.6. 

Fig.8isanillustrationofastateoflightinthepick- 

upinthestateshowninFig.6. 

Fig. 9 is an illustration of a state of the pick-up 

showninFig. Iduringreproduction. 

Fig.lOisanillustrationofastateofiightinthepick- 

upinthestateshowninFig.9. 

Fig.1 1 isanillustrationofastateoflightinthepick- 

upinthestateshowninFig.9. 

Figs. 1 2Aand 1 2Bareillustrationsforexplaininga 

method for recognizing a reference position in a 

pattern of reproduction lightfrom data detected by 

theCCDarrayinFig. 1 . 

Figs. 1 3Aand 1 3Bareillustrationsforexplaininga 
method for recognizing a reference position in a 
pattern of reproduction lightfrom d ata detected by 
theCCDarrayinFig. 1 . 

Figs. 14Aand 14B are illustrations of a pattern of 
informationlightandapatternofreproductionlight 
inthepick-upshowninFig. 1 . 



Figs. 15A and 15B illustrate the contents of data 
determined from a pattern of reproduction light 
detectedbythepick-upshowninFig.landanECC 
tableassociatedwiththedata. 

Fig.16isacharacteristicsdiagramshowingastate 
oftheabsorptionspectrumofaholeburningmate- 
rial in which a reduction of absorbance has 
occurred ina pi uralityofwavelengthposttionsasa 
resultofilluminationwithlighthavingapluralityof 
wavelengths. 

Fig. 1 7isanillustrationofaconfigurationofapick- 
up according to a third embodiment of the inven- 
tion. 

Fig.18isaplanviewofaconfigurationofanoptical 
unit including various elements thatform the pick- 
upaccordingtothethirdembodimentoftheinven- 
tion. 

Figs.1 9Aand1 9Bareillustrationsofanexampleof 

therotatingopticalelementinFig.17. 

Fig. 20isani I lustra tionofaconfigu rationof apick- 

upwhichcanuselaserlightinthreecolorsaccord- 

ingtothethirdembodimentoftheinvention. 

Fig.21isaplanviewofaslide-feedmechanismof 

theopticalunitshowninFig.1 8. 

Fig.22isapartiallycutawaysideviewoftheslide- 

feed mechanism shown in Fig. 21 in a stationary 

state. 

Fig.23isapartiallycutawaysideviewoftheslide- 
feed mechanism shown in Fig. 21 with the optical 
unitdisplacedslightly. 

Figs.24Athrough24Careillustrationsofanopera- 
tionoftheactuatorshowninFig.21 . 
Fig.25isanillustrationshowingamovingdirection 
ofanobjectivelensofthepick-upshowninFig. 1 7 
duri ng a seekand a moving d irection of the same 
during in-field access. 

Figs. 26A and 26B are illustrations for explaining 

the positioning of reference light and information 

lightinathirdembodimentoftheinvention. 

Fig.27isanillustrationofanexampleofalocusof 

the center of the objective lens in the case of 

accesstoapluralityoflocationsofanopticalinfor- 

mationrecordingmediumutilizingaseekingmove- 

mentandin-fieldaccessincombihationinthethird 

embodimentoftheinvention. 

Fig.28isaplanviewofacartridgeforcontaining 

the optical information recording medium in the 

thirdembodimentoftheinvention. 

Fig.29isaplanviewofthecartridgeshowninFig. 

28withashutterthereofopened. 

Fig.30isaplanviewshowinganexamplewherein 

twoopticalunitsareprovidedinaface-to-facerela- 

tionship with one side of the optical information 

recording medium in the third em bod iment of the 

invention. 

Fig.31isaplanviewshowinganexamplewherein 
fouroptical unitsare provided in thethird embodi- 
mentoftheinvention. 
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Fig.32isasectionalviewtakenalongthelineA-A' 
inFig.31. 

Fig.33isasecttonalviewtakenalongthefineB-B' 
inFig.31. 

Fig.34isaplanviewshowinganexamplewherein 

sixteen optical units are provided in the third 

embodimentoftheinvention. 

Fig.35isasectionalviewofonehalfofanairgap 

typeoptical information recording mediumaccord- 

ingtothethirdembodimentoftheinvention. 

Fig. 36 isanexploded perspective viewoftheone 

halfoftheairgaptypeopticalinformationrecording 

medium inthethirdembodimentoftheinvention. 

Fig.37isaperspectiveviewoftheonehalfofthe 

air gap type opticalinformation recording medium 

inthethirdembodimentoftheinvention. 

Fig.38isasectionalviewofonehalfofatranspar- 

entsubstrategaptypeopticalinformationrecording 

medium according to the third embodiment of the 

invention. 

Fig. 39isanexploded perspective viewoftheone 
half of the transparent substrate gap type optical 
information recording medium in the third embodi- 
mentoftheinvention. 

Fig. 40 is a perspective viewoftheone half of the 
transparent substrate gap type optica I information 
recording medium in the third embodiment of the 
invention. 

Fig.41isasectionalviewofasingle-sided 1.2mm 
thickness type optical information recording 
medium according to the third embodiment of the 
invention. 

Fig.42isasectionalviewofasingle-sided0.6mm 
thickness type optical information recording 
medium according to the third embodiment of the 
invention. 

Fig. 43 is an illustration of howto illuminate a sin- 
gle-sided optical information recording medium as 
shown in Fig. 41 or 42 with reference light for 
recordingandinformationlight. 
Fig.44isasectionalviewofadouble-sidedtrans- 
parent substrate gap type optical information 
recording medium according to the third embodi- 
mentoftheinvention. 

Fig.45isasectionalviewofadouble-sidedatrgap 
typeoptical information recording medium accord- 
ingtothethirdembodimentoftheinvention. 
Fig.46isanillustrationofhowtoilluminateadou- 
ble-sided optical information recording medium as 
shown in Fig. 44 or 45 with reference light for 
recordingandinformationlight. 
Fig.47isanillustrationofasingle-sidedtypeopti- 
caldisk. 

Fig.48isaniilustrationoftheuseoftheopticaldisk 
showninFig.47intheoptical,informationrecord- 
ing/reproducing apparatus according to the third 
embodimentoftheinvention. 
Fig.49isaniIlustrationofadouble-sidedtypeopti- 



caldisk. 

Fig.SOisanillustrationoftheuseoftheopticaldisk 
shown in Fig. 49tntheoptical information record- 
ing/reproducing apparatus according to the third 
embodimentoftheinvention . 
Fig. 51 is a perspective view of a common record- 
ing/re producing system that performs phase- 
encodingmultiplexingshowingaschematicconfig- 
urationthereof. 

Figs. 52A through 52C are illustrations showing 
howinterference fringes a re formed in a hologram 
recording medium as a result of interference 
betweeninformationlightandreferencelight. 
Fig.53isanillustrationofastateofthepick-upof 
the third embodiment of the invention during a 
servooperation. 

Fig.54isanillustrationofestateoflightinthevicin- 
ity of an optical disk in the case of recording and 
reproduction using a normal optical disk with the 
optical information recording/reproducing appara- 
tusaccordingtothethirdembodimentoftheinven- 
tion. 

Fig.55isanillustrationofastateofthepick-upof 
the third embodiment of the invention during 
recording. 

Fig.56isanillustrationofastateoflightinthevicin- 
ity of the optical information recording medium of 
the third embodiment of the invention during 
recording. 

Fig.57isanillustrationofastateoflightinthevicin- 
ity of the optical information recording medium of 
the third embodiment of the invention during 
recording. 

Fig.58isaniilustrationofastateofthepick-upof 
thethirdembodimentoftheinventionduringfixing. 
Fig .59isani I lustrationofastateofl ightinthevicin- 
ity of the optical information recording medium of 
thethirdembodimentoftheinventionduringfixing. 
Fig. 60 is an illustration of a state of thepick-up of 
thethirdembodimentoftheinventionduringrepro- 
duction. 

Fig.61isanillustrationofastateofiightinthevicin- 
ity of the optical information recording medium of 
thethirdembodimentoftheinventionduringrepro- 
duction. 

Fig .62isa nillu strationofastateofl ig hti nthevici n- 
ity of the optical information recording medium of 
thethirdembodimentoftheinventionduringrepro- 
duction. 

Fig.63isanilIustrationforexplainingadirectread 
afterwritefunctionandawritepowercontrolfunc- 
tion d uri ng m ul ti pi ex record ing of th e optica I i nfor- 
mationrecording/reproducingapparatusofthethird 
embodimentoftheinvention. 
Fig.64isablockdiagramshowingacircuitconfig- 
u ration required for performing verification in the 
optical information recording/reproducing appara- 
tusaccordingtothethirdembodimentoftheinven- 
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tion. 

Fig.65isanillustrationofanexampleofadistrib- 
uted recording method in thethird embodiment of 
theinvention. 

Fig.66isanillustrationofanotherexampleofadis- 
tributed recording method in the third embodiment 
oftheinvention. 

Fig.67isanillustrationofstillanotherexampleofa 
distributed recording method in the third embodi- 
mentoftheinvention. 

Fig. 68 is an illustration of an example of an 

arrangement of a plurality of interference regions 

used in the distributed recording methods in the 

thirdembodimentoftheinvention. 

Fig. 69 is an illustration of another example of an 

arrangement of a plurality of interference regions 

used in the distributed recording methods in the 

thirdembodimentoftheinvention. 

Fig.70isanillustrationforexplainingadistributed 

record i ngmethodinrecordingapl ura lityofitemsof 

dataonamultiplexbasisutiHzingshiftmultiplexing 

inthethirdembodimentoftheinvention. 

Fig.71 isa nil lustration forexplaining a distributed 

recordingmethodinrecordingapluralityofitemsof 

data on a multiplex basis utilizing phase-encoding 

multiplexingandshiftmultiplexingincombinationin 

thethirdembodimentoftheinvention. 

Fig.72isaperspectiveviewoftheexteriorofaj u ke 

apparatusasanexampleofapplicationoftheopti- 

cal information recording/reproducing apparatus 

accordingtothethirdembodimentoftheinvention. 

Fig.73isablockdiagramshowingacircuitconfig- 

urationofthejukeapparatusshowninFig.72 

Fig.74isablockdiagramofanexampleofacon- 

figurationofmajorpartsinacaseinwhichaphase 

modulation pattern for reference light is created 

based on information specific to a person in the 

optical information recording/reproducing appara- 

tusaccordingtothethirdembodimentoftheinven- 

tion. 

Fig. 75 isa perspective view of a prior-art record- 
ing/reproducing system of digital volume hologra- 
phytoshowaschematicconfigurationofthesame. 

BESTMODEFORCARRYINGOUTTHEINVENTION 

[0043] Embodiments of the present invention will 
nowbe described in detail with reference to thedraw- 
ings.Afirstembodimentoftheinventionisanexample 
in which multiplex recording is realized using phase 
encodingmultiplexing.Fig.lisanillustrationshowinga 
configuration of a pick-up of an optical information 
recording/reproducingapparatusasanopticalinforma- 
tion recording apparatus and an optical information 
reproducingapparatusaccordingtothepresentembod- 
iment and a configuration of an optical information 
recording medium according to the present embodi- 
ment. Fig. 2 is a block diagram of a general configura- 



tion of the optical information recording/reproducing 
apparatusaccordingtothepresentembodiment. 

[0044] First,theconfigurationoftheopticalinforma- 
tionrecordingmediumaccordingtothepresentembod- 
iment will be described with reference to Fig. 1 . The 
opticalinformationrecordingmediumlisconfiguredby 
forming:ahologramlayer3asaninformationrecording 
layerforrecording information utilizingvolumehologra- 
phy; a reflecting film 5; and a protective film 4 in the 
orderlistedononesurfaceofadisk-shapedtransparent 
substrate2formedfrompolycarbonateorthelikeAplu- 
rality of address servo areas 6 as positioning regions 
extendinglinearlyintheradialdirectionareprovidedat 
predetermined angular intervals at the interface 
betweenthehologramlayer3andtheprotectivelayer4. 
Sections in the form of sectors between the adjoining 
addressservoareas6aredataareas7Jnformationfor 
performingfocusservoandtrackingservousingasam- 
pled servo system and address information are 
recorded in advance in the form of em boss pits in the 
addressservoareas6.Focusservocanbeperformed 
using a reflecting surface of the reflecting film 5. For 
example.wobblepitsmaybeusedastheinformationfor 
perform ingtrackingservo.Forexample.thetrans parent 
substrate2hasanappropriatethicknessof0.6mmor 
less,andthehoEogramlayer3hasanappropriatethick- 
nessof 1 0 u.mormore.Thehologramlayer3isformed 
of a hologram material whose optical characteristics 
such as a refractive index, permittivity and reflectivity 
changedependingontheintensityoflightwhenillumi- 
nated with the light. For exam pie, photopolymerHRF- 
600(productname)manufacturedbyDuPontorthelike 
isusedassuchahologrammaterial.Forexample.the 
reflectingfilmSisformedofaluminum. 
[0045] The configuration of the optical information 
recording/reproducing apparatus according to the 
present embodiment will now be described with refer- 
ence to Fig. 2. An optical information recording/repro- 
ducing apparatus 10 has: a spindle 81 to which the 
optical information recording medium 1 is mounted; a 
spindlemotor82forrotatingthespindle81;andaspin- 
dleservocircuit83forcontrollingthespindiemotor82 
to keep the rotating speed of the optical information 
recordingmediumlatapredeterminedvalue.Theopti- 
calihformationrecording/reproducingapparatuslOfur- 
therhas: a pick-up 1 1 for recording information inthe 
opticalinformationrecordingmediumlbyilluminatingit 
wtthinformationlightand recording reference I ightand 
for reproducing the information recorded intheoptical 
informationrecordingmediumlbyilluminatingtheopti- 
cal information recording mediuml with reference! ight 
forreproductionandbydetectingreproductionlight;and 
a driver 84 for a Mowing the pick-up 1 1 to move in the 
radial direction of the optical information recording 
mediuml. 

[0046] The optical information record ing/reprod uc- 
ing apparatus 10further has: a detection circuit85 for 
detectingafocuserrorsignalFE.atrackingerrorsignal 
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TEandareproducttonsignalRFfromasignaloutputby 
the pick-up 1 1 ; a focus servo circuit 86 for performing 
focus servo by driving an actuator in the pick-up 1 1 
based on the focus error signal FE detected by the 
detection circuit 85 to move an objective lens in the 
direction of the thickness of the optical information 
recordingmedium1;atrackingservocircuit87forper- 
forming tracking servo by driving the actuator in the 
pick-up 11 based on the tracking error signal TE 
detectedbythedetectioncircuit85tomovetheobjec- 
tivelensintheradialdirectionoftheopticalinformation 
record ingmedium1;andasl id eservocircu it88forper- 
formingslideservobycontrollingthedriver84basedon 
thetrackingerrorsignalTEandacommandfromacon- 
trollertobedescribedlatertomovethepick-up1 linthe 
radial direction of the optical information recording 
mediuml. 

[0047] The optical information record ing/reproduc- 
ingapparatus10furthemas:asigna!processingcircuit 
89forreproducingdata recorded inthedataareas7of 
theopticalinformationrecordingmediumlbydecoding 
dataoutputbyaCCDarraytobedescribedlaterinthe 
pick-up11andforreproductngabasicclockanddeter- 
mininganaddressfromthereproductionsignalRFfrom 
thedetectioncircuit85;acontrol Ier90forcontro! I ingthe 
opticalinformationrecording/reproducing apparatus 1 0 
asa whole; and an operating portion 9 1 for supplying 
various instructionstothecontroller90.Thecontroller 
90receivesinputofthebasicclockandaddressinfor- 
mation output by the signal processing circuit 89 and 
controls the pick-up 1 1 , spindle servo circuit 83, slide 
servocircuit88andthe like. The basicclockoutputby 
the signal processing circuit89 is inputto the spindle 
servo circuit 83. The controller 90 has a CPU (central 
processing unit), a ROM (read only memory) and a 
RAM(randomaccessmemory),andtheCPUexecutes 
programsstoredintheROMusingtheRAMasawork 
areatorealizethefunctionsofthecontroller90. 
[0048] The detection circuit 85, focus servo circuit 
86, tracking servo circuit 87 and slide servo circuit 88 
correspond to the position control means according to 
theinvention. 

[0049] A configuration of the pick-up 1 1 of the 
presentembodimentwill now be described with refer- 
encetoFig.1 Thepick-up1 1has:anobjectivelens12 
which faces the transparent substrate 2 of the optical 
information recording medium 1 whentheopticalinfor- 
mationrecordingmedium1issecuredtothespindle81; 
anactuatorl 3capableof movingtheobjectivelensl 2 
inthedirectionofthethicknessoftheopticalinformation 
recording medium 1 and the radial direction of the 
same; and a double optically rotating plate 14 and a 
prism block 1 5 which are disposed on the side of the 
objective lens 1 2 opposite to the optical information 
recordingmediumlintheorderlistedwhichistheorder 
oftheirclosenesstothe objective lens 1 2. Thedouble 
opticallyrotatingplate14has:anopticailyrotatingplate 
14LprovidedontheleftsideoftheopticalaxisinFig.1: 



andanopticallyrotatingp!ate14Rprovidedontheright 
sideof theoptical axis in Fig. 1 . The optically rotating 
plate14Lopticallyrotatesapolarizingdirectionat+45° ) 
and the optically rotating plate 14R optically rotates a 
polarizing direction at -45 °. The prism block 1 5 has a 
half-reflecting surface 1 5a and a reflecting surface 1 5b 
whicharearrangedintheorderlistedwhichistheorder 
oftheirctosenesstothedoubteoptically rotating plate 
1 4. The normal directions of both of the half-reflecting 
surface 1 5aandthereflectingsurface1 5bareat45°to 
thedirectionoftheopticalaxisoftheobjectivelens 1 2 
andareinparallelwitheachother. 

[0050] Thepick-up1 Ifurtherhasa prism block 19 
provided on a side of the prism block 1 5. The prism 
blockl 9has:areflectingsurface1 9awhichisprovided 
in a position associated with the half-reflecting surface 
1 5a of the prism block 1 5 and which is in parallel with 
thehalf-refiectingsurface15a;andahalf-reflectingsur- 
face19bwhichisprovidedinapositionassociatedwith 
the reflecting surface 1 5band which is in parallel with 
thereflectingsurfacel 5b. 

[0051 ] Thepick-up 1 1 furtherhasaconvexlens 1 6 
and a phase-spatial light modulator 1 7 which are pro- 
vided between the prism blocks 15and 19 in positions 
associated with the half-reflecting surface 15a and 
reflectingsurfaceiga.andhasaspatiallightmodulator 
1 8 provided between the prism blocks 1 Sand 1 9 in a 
position associated with the reflecting surface 1 5b and 
thehalf-reflectingsurfacel 9b. 

[0052] The phase-spatial light modulator 1 7 has a 
multiplicityofpixelsarrangedintheformofagridandis 
capable of spatially modulating the phase of light by 
selectingaphaseforlightemittedbyeachofthepixels. 
Aliquidcrystalelementmaybeusedasthephase-spa- 
tiallightmodulator17.Thephase-spatiallightmodula- 
tor 17 corresponds to the phase modulation means 
accordingtotheinvention. 

[0053] The spatial light modulator 1 8 has a multi- 
plicity of pixels arranged in the form of a grid and is 
capableofgeneratinginformationlightcarryinginforma- 
tionbyspatiallymodulatinglightintermsofintensityby 
selecting a light transmitting state or a light blocking 
stateforeachofthepixels-Aliquidcrystalelementmay 
be used as the spatial light modulator 1 8. The spatial 
Iightmodulator18constitutestheinformationlightgen- 
erationmeansaccordingtotheinvention. 
[0054] Thepick-up 1 1 further has a CCD array 20 
as detection means provided in a direction in which 
return light from the optical information recording 
medium 1 isreflectedbythehalf-reflectingsurfacel 9b 
oftheprismblock19afterbeingtransmittedbythespa- 
tiallightmodulatorl 8. 

[0055] The pick-up 1 1 further has a beam splitter 
23, a collimator lens 24 and a light source device 25 
which are provided on the side of the prism block 1 9 
opposite to the spatial light modulator 1 8 in the order 
listedwhichistheorderoftheirclosenesstotheprism 
block19.Thebeamsplitter23hasahalf-reflectingsur- 
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face23awhosenormaldirectionistiltedatanangleof 

45°tothedirectionoftheopticalaxisofthecx>llimator 

lens24.Thelightsourcedevice25emitscoherentline- 

arlypolarizedlightandmaybe,forexample,asemicon- 

ductorlaser. 

[0056] The pick-up 1 1 furtherhas: a photodetector 
26 provided in a direction in which light from the light 
sourcedevice25isref!ectedbythehalf-reflectingsur- 
face23aofthebeamspiitter23;andaconvexlens27, 
acylindricallens28andaquadruplephotodetector29 
whichare provided on the sideof the beam splitter23 
opposite to the photodetector 26 in the order listed 
whichistheorderoftheirclosenesstothebeamsplitter 
23. The photodetector 26 receives light from the light 
sourcedevice25,andtheoutputofthesameisusedto 
adjusttheoutputofthelightsourcedevice25automat- 
ically.Asshown in Fig. 3, thequadruple photodetector 
29 has four light-receiving portions 29a through 29d 
dividedbyadivisionline30ainparallelwithadirection 
corresponding to the direction of tracks of the optical 
informationrecordingmedium 1 andadivisionline30b 
orthogonal thereto. The cylindrical lens 28 is provided 
such that the central axis of the cylindrical surface 
thereofisatanangleof45 °tothedivisionlines30aand 
30bofthequadruplephotodetector29. 
[0057] The phase-spatial light modulator 17, the 
spatiallightmodulatorl 8andthelightsourcedevice25 
in the pick-up 1 1 are controlled bythecontroller90 in 
Fig.2Thecontroller90hasinformationofapluralityof 
modulation patterns for spatially modulating the phase 
'of light with the phase-spatial light modulator 17. The 
operating portion 91 allows selection of any one of the 
plurality of modulation patterns. The controller 90 sup- 
plies information of a modulation pattern selected by 
itselforbytheoperatingportion91tothephase-spatial 
light modulator 17 in accordance with predetermined 
conditions, and the phase-spatial light modulator 17 
spatially modulates the phase of light, in accordance 
withthemodulationpatterninformationsuppliedbythe 
controller 90, in the modulation pattern associated 
therewithinaccordancewiththeinformation. 
[0058] The reflectivity of each of the half-reflecting 
surfaces 1 5aand 1 9binthepick-up1 1 isappropriately 
set, for example, such that information light and refer- 
ence lightforrecordingincidentupontheoptical infor- 
mationrecordingmedium lhavethesameintensity. 
[0059] Fig.3isabIockdiagramofthedetectioncir- 
cuit85fordetectingthefocuserrorsignalFE,thetrack- 
ing error signal TE and the reproduction signal RF 
basedontheoutputofthequadruplephotodetector29. 
Thedetectioncircuit85has:anadder31foraddingthe 
output of each of the diagonal light-receiving portions 
29a and 29d of the quadruple photodetector 29; an 
adder32foraddingtheoutputofeachofthediagonal 
light-receiving portions 29b and 29c of the quadruple 
photodetector29;asubtracter33forcalculatingthedif- 
ferencebetweentheoutputsoftheadders3 1 and32to 
generate the focus errorsignal FE based on an astig- 



maticmethod;anadder34foraddingtheoutputofeach 
ofthelight-receivingportions29aand29bofthequad- 
ruplephotodetector29whichareadjacenttoeachother 
inthedirectionoftracksthereof;anadder35foradding 
the output of each of the light-receiving portions 29c 
and29d of the quadruple photodetector 29 which are 
adjacent to each other in the direction of the tracks 
thereof; a subtracter 36 for calculating the difference 
betweentheoutputsoftheadders34and35togener- 
ate the tracking errorsignal TE based on a push-pull 
method ; andan adder37 foradd ing theoutputsofthe 
adders 34 and 35 to generate the reprod uction signal 
RF.Inthepresentembodiment.thereproductionsignal 
RFisasignalwhichisthereproductionoftheinforma- 
tionrecordedintheaddressservoareas6oftheoptical 
informationrecordingmedium 1 . 

[0060] Servo, recording and reproducing opera- 
tions of the optical information recording/reproducing 
apparatus according to the present embodiment will 
nowbeseparatelydescribedinthatorder.lnanyofthe 
servo.recordingandreproducingoperations.theoptical 
informationrecordingmedium 1 is rotated by the spin- 
dlemotor82undercontroltomaintainapredetermined 
rotatingspeed. 

[0061] Aservooperationwillnowbedescribedwith 
reference to Fig. 4. Duringa servooperation, all pixels 
of the spatial light modulator 18 are in a transmitting 
state. The outputof the emission of I ightfrom the light 
sourcedevice25issetatalowoutputforreprod uction. 
Thecontroller90predictsthetimingatwhichlightthat 
has exited the objective lens 12 passes through the 
address servo areas 6 based on a basic clock repro- 
ducedfromareproductionsignalRFandmaintainsthe 
above-described settingwhilethelightfromtheobjec- 
tivelens12passesthroughtheaddressservoareas6. 
[0062] Lightemittedbythelightsourcedevice25is 
collimatedbythecollimatorlens24toimpingeuponthe 
beam splitter 23, and a part of the quantity of light is 
transmitted by the half-reflecting surface 23a and 
anotherpartisreflectedthereby.Thelightreflectedby 
thehalf-reflectingsurface23aisreceivedbythephoto- 
detector26. The lighttransmittedbythe half-reflecting 
surface 23a impinges upon the prism block 1 9, and a 
part of the quantity of light is transmitted by the ha If- 
reflectingsurface19b.Thelighttransmittedbythehalf- 
reflecting surface 1 9b passes through the spatial light 
modulator 1 8 to be reflected by the reflecting surface 
15boftheprismblock15,andapartofthequantityof 
light is transmitted by the half-reflecting surface 1 5a, 
passes through the double optically rotating plate 14, 
andiscollectedbytheobjectivelens12tobeprojected 
upontheoptical information recording medium 1 such 
thatitconvergesattheinterfacebetweenthehologram 
layer3andtheprotectivelayer4oftheopticalinforma- 
tion recording medium 1 . This light is reflected by the 
reflecting film 5 of the optical information recording 
medium 1, modulated byembossedpitsintheaddress 
servoareas 6 while being reflected .and then returned 
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totheobjectivelensl 2. 

[0063] The return lightf rom theoptical information 
recording medium 1 iscollimatedbytheobjectivelens 
12 and passes through the double optically rotating 
plate14againtoimpingeupontheprismblock15,and 
a part of the quantity of light istransmitted by the half- 
reflecting surface 1 5a. The return light transmitted by 
thehalf-reflectingsur1ace15aisreflectedbythereflect- 
ing surface 1 5a and istransmitted by the spatial light 
modulator18,andapartofthequantityoflightistrans- 
mitted by the half-reflecting surface 1 9b of the prism 
block19.ThereturnNghttransmittedbythehalf-reflect- 
ingsurface19bimpingesuponthebeamsplitter23,and 
a part of the quantity of light is reflected by the half- 
reflecting surface23a, passes throughthe convex lens 
27 and cylindrical lens 28 sequentially, and is then 
detected bythequadruplephotodetector29.Basedon 
theoutputofthequadruplephotodetector29,thedetec- 
tioncircuit85showninFig.3generatesthefocuserror 
signalFE.trackingerrorsignalTEandreproductionsig- 
nalRFbasedonwhichfocusservoandtrackingservo 
is performed; the basic clock is generated; and 
addressesaredetermined. 

[0064] Intheabove-describedsettingforservo.the 
pick-up 1 1 isconfiguredsimilarlytoaconfigurationofa 
pick-up for recording on or reproduction from normal 
opticaldiskssuchasCDs(compactdisks),DVDs(dig- 
italvideodisksordigitalversatiledisks)andHSs( hyper 
storage disks). Itistherefore possible to configure the 
opticalinformationrecording/reproducingapparatus 1 0 
accordingtothepresentembodimenttobecompatible 
withnormalopticaldiskdevices. 
[0065] A definition will now be given to terms "A- 
polarized light" and "B-polarized light" which will be 
usedinthefollowingdescription.AsshowninFig.10, 
A-polarized light is linear polarized light obtained by 
rotating thepolarizingdirectionofS-polarizedlightat- 
45°orbyrotatingthepolarizingdirectionofP-polarized 
light at +45 °, and B-polarized light is linear polarized 
light obtained by rotating the polarizing direction of S- 
polarizedlightat+45 °orbyrotatingthepolarizingdirec- 
tionofP-polarizedlightat-45 °.Thepolarizingdirections 
oftheA-polarizedlightandB-polarizediightareorthog- 
onal to each other. S-polarized light is linear polarized 
lightwhose polarizing direction is perpendicularto the 
plane of incidence (plane of Fig. 1 ), and P-polarized 
lightislinearpolarizedlightwhosepolarizingdirectionis 
inparallelwiththeplaneofincidence. 
[0066] Arecordingoperationwillnowbed escribed. 
Fig.6isanillustrationofastateofthepick-up11 during 
recording. During recording, thespatiallightmodulator 
1 8 generates information light by selecting a transmit- 
ting state (hereinafter also referred to as "on") or a 
blocking state (hereinafter also referred to as "off ') for 
eachpixeldependingontheinformationtoberecorded 
tospatiallymodulatethelightthatispassingthroughit. 
Accordingtothepresentembodiment.twopixelsrepre- 
senttnformationofonebit.andoneoftwopixelsasso- 



ciated with information of one bit is always on and the 
otherisalwaysoff. 

[0067] Thephase-spatiallightmodulatorl 7gener- 
atesreferencelightforrecordinghavingaspatiallymod- 
ulatedphasebyselectivelyapplyingaphasedifference 
of 0 (rad) or n (rad) from a predetermined reference 
phasetoeachpixelaccordingtoapredeterminedmod- 
ulation pattern to spatially modulate the phase of light 
passing therethrough. Thecontroller90supplies infor- 
mation of a modulation pattern selected by itself or by 
the operating portion 9 1 in accordance with predeter- 
minedconditionstothephase-spatiallightmodulator17 
which in turn spatially modulates the phase of light 
passing therethroughaccordingto the modulation pat- 
terninformationsuppliedbythecontroller90. 
[0068] Theoutputofiightemittedbythelightsource 
device25issetatahighoutputtobeusedforrecording 
intermsofthepulsethereof.Basedonthebasicclock 
reproducedfromthereproductionsignalRF^hecontrol- 
Ier90 predicts timing atwhichlightthat has exited the 
objective lens 1 2 passesthroughthedata areas 7 and 
maintains the above-described setting while the light 
f rom theobjective lens 12 is passing through the data 
areas 7. While the light from the objective lens 1 2 is 
passing through the data areas 7, neitherfocus servo 
nortrackingservois performed, andtheobjectivelens 
12isfixed.Thefollowingdescriptionisonanassump- 
tion that the light source device 25 emits P-polarized 
light. 

[0069] Asshownin Fig. 6, P-polarized lightemitted 
bythelightsourcedevice25iscollimated bythecolli- 
mator1ens24toimpingeuponthebeamsplitter23,and 
apartofthequantityoflightistransmittedbythehalf- 
reflectingsurface23atoimpingeupontheprism block 
1 9 Apartofthelightincidentupontheprismblockl 9is 
transmitted by the half-reflecting surface 19b, and 
another part of the quantity of light is reflected by the 
half-reflectingsurface19b.Thelighttransmittedbythe 
half-reflecting surface 19b passes through the spatial 
lightmodulator18inwhichitisspatiallymodulatedinto 
information light according to the information to be 
recorded. The information light is reflected by the 
reflectingsurfacel Sboftheprism block 1 5,andapart 
of thequantity of lightistransmittedbythe half-reflect- 
ing surface 15a to pass through the double optically 
rotating plate 1 4. Thepolarizingdirectionoflightpass- 
ingthroughtheopticallyrotatingplate14Lofthedouble 
optica I lyrotatingplatel 4isrotatedat+45° toprovideA- 
polarizedlight,andthepolarizingdirectionoflightpass- 
ingthroughtheopticallyrotatingplate14Risrotatedat 
-45° to provide B-polarized light. The information light 
having passed through the double optically rotating 
platel 4iscollectedbytheobjective1ens1 2andispro- 
jectedupontheoptica I information record ingmediuml 
such that it converges on the interface between the 
hologramlayer3andtheprotectivelayer4,i.e. 1 onthe 
reflecting film 5 of the optical information recording 
medium 1. 
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[0070] The I ight reflected by the half-refl ecti ng su r- 
facel 9boftheprismblock1 9isreflectedbythereflect- 
ing surface 19atopassthroughthephase-spatiallight 
modulator 1 7 in which the phase of light is spatially 
modulated according to a predetermined modulation 
patterntoprovidereferencelightfor record ing.Theref- 
erence light for recording passes through the convex 
lens 16tobecomeconvergentl ight. Apartofthe refer- 
encelightforrecordingisreflectedbythehalf-reflecting 
surface 1 5a of the prism block 1 5to passthrough the 
doubleopti cally rotating plate 14.The polarizingdirec- 
tionoflightwhichhaspassedthroughtheopticallyrotat- 
ingplate14Lofthedoubleopticallyrotating plate 14is 
rotated at +45° to provide A-polarized light, and the 
polarizing direction of tight which has passed through 
theopti cally rotating plate 14 Ris rotatedat-45°topro- 
videB-polarized light The reference lightfor recording 
whichhaspassedthroughthedoubleopti cally rotating 
plate14iscollectedbytheobjectivelens12tobepro- 
jectedupontheopticalinformationrecordingmediuml. 
Thelighttemporarilyconvergestoaminimumdiameter 
before the interface betweenthe hologram layer 3 and 
theprotectivelayer4,andthereafterdiverginglypasses 
throughthehologramlayer3. 

[0071] Figs. 7 and 8 are illustrations of states of 
light during recording. In those figures, the reference 
number61 represents P-polarized light; the reference 
number 63 represents A-polarized light; and the refer- 
encenumber64representsB-polarizedlight. 
[0072] As shown in Fig. 7, information light 51 L 
which has passed through the optically rotating plate 
1 4Lofthedoubleopticallyrotatingplate1 4becomesA- 
polarizedlightwhichilluminatestheoptical information 
recording medium 1 through the objective lens 12, 
passes through the hologram layer 3, converges to a 
minimum diameteron the reflecting film 5and passes 
throughthehologramlayer3againafterbeingreflected 
bythereflectingfilm5.Referencelight52Lforrecording 
which has passed through the optically rotating plate 
1 4Lofthedoubleopticallyrotatingplate1 4becomesA- 
polarizedlightwhichilluminatestheopti cat information 
recordingmedium1throughtheobjectivelens12,tem- 
porarily converges to a minimum d iameter before the 
interfacebetweenthehologramlayer3andtheprotec- 
tive layer 4 and divergingly passes through the holo- 
gramlayer3.lnterferenceoccursinthehologramlayer 
3 between the A-polarized information light 51 L 
reflected bythereflecti ngfi Im5a ndtheA-polarizedref- 
erence light 52L for recording traveling toward the 
reflecting film 5, so that an interference pattern is 
formed, and the interference pattern is volumetrically 
recordedinthehologramlayer3whenthelightemitted 
bythelightsourcedevice20isatthehighoutput. 
[0073] As shown in Fig. 8, information light 51 R 
which has passed through the optically rotating plate 
14Rofthedoubleopticallyrotatingplate14becomesB- 
polarizedlightwhichilluminatestheoptical information 
recording medium 1 through the objective lens 12, 



passes through the hologram layer 3, converges to a 
minimum diameteronthereflectingfilm5and passes 
throughthehologramlayer3againafterbeingreflected 
bythereflectingfilm5.Referencelight52Rforrecord- 
ingwhichhaspassedthroughtheopticallyrotatingplate 
14Rofthedoubleopticallyrotatingplate14becomesB- 
polarizedlightwhichilluminatestheoptical information 
record ingmedium 1 throughtheobjectivelensl 2,tem- 
porarily converges to a minimum diameter before the 
interface betweenthehologramlayer3andtheprotec- 
tive layer 4 and divergingly passes through the holo- 
gram Iayer3. 1 nterferenceoccursintheholog ram layer 
3 between the B-polarized information light 51 R 
reflectedbythereflectingfilmSandtheB-polarizedref- 
erence light 52R for recording traveling toward the 
reflecting film 5, so that an interference pattern is 
formed, and the interference pattern is volumetrically 
recordedinthehologramlayer3whenthelightemitted 
bythelightsourcedevice20isatthehighoutput. 

[0074] As shown in Figs. 7and 8, accordi ngtothe 
presentembodiment.theinformationlightandtherefer- 
encelightforrecordingilluminatethe hologram Iayer3 
on the same side thereof such thatthe optical axesof 
theinformationlightandthereferencelightforrecording 
arelocatedonthesameli ne. 

[0075] According to the present embodiment, 
phase-encoding multiplexing can be performed to 
recordinformationtnthesamelocationofthehologram 
layer3onamultiplexbasisbyperformingtherecording 
operationapluralityoftimesinthesamelocationofthe 
hologramlayer3withthemodulationpatternfortheref- 
erencelightforrecordingchanged. 
[0076] According to the present embodiment, a 
reflectiontype(Lippmanntype)hologramisthusformed 
inthehologramlayer3.Nointerferenceoccursbetween 
the A-polarized information light 51 L and the B-polar- 
ized reference light 52R for recording because their 
polarizingdirectionsareorthogonaltoeachotherand, 
similarly, no interference occurs between the B-polar- 
izedinformationlight51RandtheA-polarizedreference 
light 52L for recording because their polarizing direc- 
tions are orthogonal to each other. Thus, the present 
embodiment makes it possible to prevent the occur- 
rence of any unnecessary interference fringe, thereby 
preventing any reduction in an SN (signal-to-noise) 
ratio. 

[0077] According to the present embodiment, as 
describedabove,theinformationlightisprojectedupon 
theoptical information recording medium 1 suchthatit 
converges to a minimum diameter on the interface 
betweenthehologramlayer3andtheprotectivelayer4, 
and is reflected by the reflecting film 5 of the optical 
information recording medium 1 toreturntotheobjec- 
tivelens12.Thereturnlightisincidentuponthequad- 
ruple photodetector 29 in the same manner as in the 
servooperation.Accordingtothepresentembodiment, 
itisthereforepossibletoperformfocusservoalsodur- 
ingrecordingutilizingtheltghtincidentuponthequadru- 
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pie photodetector 29. Since the reference light for 
recordingconvergestoaminimumdiameterbeforethe 
interfacebetweenthehologramlayer3andtheprotec- 
tivelayer4intheopticalinformationrecording medium 
1 to become divergent light, it forms no image on the 
quadruple photodetector29 even though it is reflected 
bythereflectingfilmSoftheopticalinformationrecord- 
ingmedium1toreturntotheobjectivelens12. 

[0078] According to the present embodiment, the 
size of a region (hologram) in which one interference 
pattern resulting from information light and reference 
lightisvoiumetricallyrecordedinthehologram3canbe 
arbitrarily determined by moving the convex lens 16 
back and forth or changing the magnification of the 
same. 

[0079] A reproducing operation will now be 
describedwithreferencetoFig.9.Duringreproduction, 
all pixels of the spatial light modulator 1 8 are on. The 
controller90suppliesinformationof a modulation pat- 
ternforthereferencelightforrecordingwhichwassup- 
pliedatrecordingoftheinformationwhichisnowtobe 
reproducedtothephase-spattallightmodulator17,and 
thephase-spatiaIlightmodulator17spatiallymodulates 
thephaseoflightpassingtherethroughaccordingtothe 
modulation pattern information supplied bythecontrol- 
Ier90togenerate reference lightforreproduction hav- 
ingaspatiallymodulatedopticalphase. 
[0080] The output of the light emitted by the light 
source device 25 is set at a lowoutputto be used for 
reproduction.Basedonthebasicclockreproducedfrom 
the reproduction signal RF, the controller 90 predicts 
timi ngatwh ichlig htthathasexitedtheobjecti velensl 2 
passes through the data areas 7 and maintains the 
above-described setting whilethelightfromtheobjec- 
tivelens12ispassingthroughthedataareas7. While 
the light from the objective lens 1 2 is passing through 
thedataareas7 t neitherfocusservonortrackingservo 
isperformed,andtheobjectivelens12isfixed. 
[0081] AsshowninFig.9,P-polarizedlightemitted 
bythelightsourcedevice25iscollimatedbythecolli- 
matorlens24toimpingeuponthebeamsplitter23,and 
apartofthequantityoflightistransmittedbythehalf- 
reflectingsurface23atoimpingeupontheprismblock 
1 9 Apartofthelightincidentupontheprismblockl 9is 
reflected by the half-reflecting surface 19b. The 
reflected lightis reflected bythe reflecting surface 1 9a 
to pass through the phase-spatial light modulator 17 
and.atthattime.thephaseofthelightisspatiallymod- 
ulatedinapredeterminedmodulationpatterntoprovide 
reference lightforreproduction. The reference lightfor 
reproduction passes through the convex lens 16 to 
become convergent I ight. A part of the quantity of the 
reference lightforreproduction is reflected by the half- 
reflecting surface 1 5a of the prism block 1 5 to pass 
throughthedoub!eopticallyrotatingplate14Thepolar- 
izing direction of light passing through the optically 
rotating plate 1 4Lof the double optically rotating plate 
1 4 is rotated at +45 ° to provide A-polarized light, a nd 



thepolarizingdirectionoflightpassingthroughtheopti- 
cal ly rotati ng plate 1 4R is rotated at-45°to provide B- 
polarizedlight.Thereferencelightforreproductionthat 
has passed through thedouble optically rotating plate 
14iscollectedbytheobjectivelens12andisprojected 
upontheopticaiinformationrecordingmediuml.lttem- 
porarily converges to a minimum diameter before the 
interfacebetweenthehologramlayer3andtheprotec- 
tive layer 4, and thereafter divergingly passes through 
thehologramlayer3. 

[0082] Figs. 10and1 1 areillustrationsofstatesof 
lightduringreproduction.Thereferencenumber61rep- 
resentsP-polarized light; thereferencenumber62rep- 
resents S-polarized light; the reference number 63 
representsA-polarizedlight;andthereferencenumber 
64representsB-polarizedlight. 
[0083] As shown in Fig 10, reference light 53L for 
reproduction which has passed through the optically 
rotating plate 1 4L of the double optically rotating plate 
14becomesA-polarizedlightwhichilluminatestheopti- 
ca I information recording medium 1 through the objec- 
tive lens 12, temporarily converges to a minimum 
diameter before the interface between the hologram 
layer3andtheprotectivelayer4,andthereafterdiverg- 
inglypassesthroughthehologramlayer3.Asaresult, 
the hologram layer 3 generates reproduction I ight 54 L 
that is associated with the information light 51 L for 
recording.Thereproductionlight54Ltravelstowardthe 
objectivelens12tobecollimatedbytheobjectivelens 
12, and passes through the double optically rotating 
plate14againtobecomeS-polarizedlight. 
[0084] AsshowninFig. 1 1 .reference light 53 Rfor 
reproduction which has passed through the optically 
rotating plate 14Rofthedoubleoptically rotating plate 
14becomesB-polarizedlightwhichilluminatestheopti- 
cal information recording medium 1 throughtheobjec- 
tive lens 12, temporarily converges to a minimum 
diameter before the interface between the hologram 
layer3andtheprotectivelayer4,andthereafterdiverg- 
inglypassesthroughthehologram1ayer3.Asaresult, 
the hologram layer 3 generates reproduction light 54 R 
that is associated with the information light 51 R for 
recording.Thereproductionlight54Rtravelstowardthe 
objective lens 12tobe col limated bythe objective lens 
12, and passes through the double optically rotating 
plate14againtobecomeS-polarizedlight. 
[0085] The reproduction light which has passed 
throughthedoubleoptically rotating plate 14impinges 
upon the prism block 1 5, and a part of the quantity of 
light is transmitted by the half-reflecting surface 1 5a. 
Thereproductionlighttransmitted bythe half-reflecting 
surface 15a is reflected bythe half-reflecting surface 
1 5atopassthroughthespatiallightmodulator1 8, and 
a part of the quantity of light is reflected by the half- 
reflecting surface 1 9b of the prism block 1 9 to be inci- 
dentuponanddetectedbytheCCDarray20.Apattern 
originating from an on/off operation of the spatial light 
modulator 1 8 during recording is formed on the CCD 



15 



29 EP1065658A1 30 



array 20, and information is reproduced by detecting 
thispattern. 

[0086] Whenapluralityofpiecesofinformationare 
recordedinthehologramlayer3onamultiplexbasisby 
varying the modulation pattern for reference light for 
recording, only information associated with reference 
light for recording having the same modulation pattern 
as that of the reference light for reproduction is repro- 
ducedamongthepluralityofpiecesofinformation. 
[0087] As shown in Figs. 1 0 and 1 1 , according to 
thepresentembodiment.theilluminationwiththerefer- 
encelightforreproductionandthecollectionof repro- 
duction light is carried out on the same side of the 
hologramlayer3suchthattheopticalaxesoftherefer- 
encelightforreproductionandthereproductionlightare 
locatedonthesameline. 

[0088] Accordingtothepresentembodiment,apart 
of the reproduction light impinges upon the quadruple 
photodetector29similarlytothereturnlightduringthe 
servo operation. The present embodiment therefore 
makes it possible to perform focus servo even during 
reproductionutilizingthelightincidentuponthequadru- 
plephotodetector29.Sincethereferencelightforrepro- 
duction converges to a minimum diameter before the 
interface betweenthehologramlayer3andtheprotec- 
tivelayer4oftheoptical information recording medium 
1 to become divergent light, itforms no image on the 
quadruple photodetector29whenitis reflected by the 
reflecting film 5 of the optical information recording 
medium 1toreturntowardtheobjectivelens1 2. 
[0089] When a two-dimensional pattern of repro- 
duction light is detected by the CCD array 20, it is 
requiredthatthe reproduction lightandtheCCD array 
20areaccuratelypositionedorthatareferenceposition 
in the pattern of the reproduction light is recognized 
fromdatadetectedbytheCCDarray20.lnthepresent 
embodiment, the latter is employed. A description will 
nowbemadewithreferencetoFigs. 1 2A, 1 2B, 1 3Aand 
13Bonamethodforrecognizingareferencepositionof 
apatternofreproductionlightfromdatadetectedbythe 
CCDarray20 AsshowninFig. 1 2A,theapertureofthe 
pick-up 1 1 is divided by the double optically rotating 
p!ate14intotworegions71Land71Rwhicharesym- 
metricabouttheopticalaxisthereof.Further.asshown 
in Fig. 1 2B. the aperture is divided by the spatiallight 
modulator18intoapluralityofiDixels72.Suchapixel72 
serves as a minimum unit of two-dimensional pattern 
data.Accordingtothepresentembodiment.twopixels 
representone bit of digital data H 0" or "1 One of two 
pixelsassociated withonebitof info rmationison, and 
theotherisoff.Apairofpixelswhicharebothonoroff 
representerrordata.Thus.therepresentationofonebit 
of digital data with two pixels provides advantages 
including an improvement in data detecting accuracy 
achievedbydifferentialdetection.Fig.13Ashowsapair 
of pixels73associated withonebitof digital data. The 
region where such a pair 73 exists is hereinafter 
referredtoa^'dataregion^.lnthepresentembodiment, 



reference position information indicating a reference 
positioninapatternofreproductionlightisincludedin 
theinformationlightutilizingthefactthatapairofpixels 
which are both on or off represent error data . Specifi- 
cally ( asshowninFig.13B,errordataareintentionally 
provided in a predetermined patter n in across-shaped 
region74constitutedbyapartinparallelwiththedivi- 
sionlineofthedoubleopticallyrotatingplate14having 
awidthequaltotwo pixels and a part perpendicu la rto 
thedivisionlinehavingawidthequaltotwopixels.This 
patternoferrordata is hereinafter referred toas f 'pixel 
pattern for tracking". The pixel pattern for tracking 
serves as the reference position information. In Fig. 
1 3B, the reference number75 represents pixels which 
areon,andthereferencenumber76representspixels 
thata re off. A region 77 consisting of four pixels in the 
middleisalwayskeptoff. 

[0090] Atwo-dimensional pattern as shown in Fig. 
14Aisobtainedbycombiningapixelpatternfortracking 
with a pattern associated with data to be recorded. In 
the present embodiment, regions other than the data 
regionsareoffintheupperhalfofthefigureandareon 
in the lower half, and pixels in the data regions which 
are contiguous with the regions other than the data 
regionsareinastatewhichisthereverseofthestateof 
theregionsotherthanthedataregions,i.e.,theyareon 
ifthereg ionsothertha nthedatareg ionsa reoff ,a ndare 
offiftheregionsotherthanthedataregionsareon.ltis 
thereforepossibletoclearlydetecttheboundaryofdata 
regionsfromdatadetectedbytheCCDarray20. 
[0091] Duringrecording.apatternisrecordedinthe 
hologram layer 3 which originates from interference 
betweeninformationlightspatiallymodulatedaccording 
toatwo-dimensionatpatternasshowninFig.14Aand 
reference light for recording. As shown in Fig. 14B, a 
pattern of reproduction light obtained during reproduc- 
tion hasacontrastandanSNratiolowerthanthoseat 
recording. During reproduction, a pattern of re prod uc- 
tionlightasshown inFig. 1 4Bisdetected bytheCCD 
array20todeterminethedataand,atthistime,thedata 
are determined by recognizing the pixel pattern for 
trackingandusingthepositionofthesameasarefer- 
enceposition. 

[0092] Fig. 1 5A is a conceptual representation of 
contentsofdatadeterminedfromapatternofreproduc- 
tionlight.Eachofregionsinthefigurehavingreference 
numbers such as A-1-1 represents one bit of data. In 
thepresentembodiment.adataregionisdividedatthe 
cross-shapedregion74havingapixelpatternfort rack- 
ing recorded therein into four regions 78A, 78B, 78C 
and78D.AsshowninFig.15B,arectangularregionis 
formed by combining the diagonal regions 78A and 
78C; anotherrectangularregion issimilarlyformed by 
combiningthe diagonal regions78B and 78D; and an 
ECC table is formed by arranging the two rectangular 
regionsve rticallyAnECCta bieisata bleofd ataformed 
byaddingerror-correctingcodes(ECCs)suchasCRC 
(cyclicredundancycheck)codestodatatoberecorded. 
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Fig. 1 SBshowsanexam pi eofanECCtablecom prising 
n rowsand m columns, andotherarrays may bef reely 
designed. The data array shown in Fig. 1 5A utilizes a 
partofthe ECCtableshown in Fig. 1 5B,and partsof 
theECCtableshowninFig.15Bwhicharenotusedin 
the data array shown in Fig. 1 5Ahavethe same value 
regardlessofthecontentsofdata.Duringrecording.an 
ECC table as shown in Fig. 15B is divided into four 
regions78A,78B,78Cand78DasshowninFig.15Ato 
berecordedintheopticalinformationrecordingmedium 
land, during reproduction .data a rrangedasshown in 
Fig. 1 SAaredetectedandarerearrangedtoreproduce 
anECCtableasshowntnFig.15B,andeirorcorrection 
iscairiedoutbasedontheECCtabletoreproducethe 
data. 

[0093] The recognition of a reference position (a 
pixel pattern for tracking) in a pattern of reproduction 
I ight and error correction as described above are per- 
formedbythesignalprocessingcircuit89inFig.2. 
[0094] As described above, in the optical informa- 
tion recording/reproducing apparatus 10 according to 
thepresentembodiment.theilluminationoftheoptical 
information recording mediuml with referencelightfor 
recordingandinformationlightduringrecordingandthe 
illuminationoftheopticalinformationrecordingmedium 
Iwithreferencelightforreproductionandthecollection 
ofreproductionlightduringreproductionareallcarried 
outDnthesamesideoftheopticalinformationrecording 
mediumlandonthesameaxiswhileallowingmultiplex 
recording of information in the optical information 
recordingmediumlutilizingphase-encodingmultiplex- 
ing.Thismakesitposstbletoconfiguretheopticalsys- 
temforrecordingorreproductionsmallerthanthosein 
prior-artholographicrecordingsystemsand eliminates 
the problem of stray light as encountered in prior-art 
holographic recording systems. The present embodi- 
mentalsomakesitpossibletoconfiguretheopticalsys- 
tem for recording and reproduction in the form of the 
pick-up 1 1 which is similar to normal optical disk 
devices. Therefore, randomaccesstotheoptical infor- 
mationrecordingmedium 1 canbeeasilyperformed. 
[0095] Further, according to the present embodi- 
ment, information required to perform focus servo and 
trackingservocanberecordediritheoptica (information 
recording medium 1 toallowfocus servo and tracking 
servo to be performed using the information. This 
makesitpossibletopositionlightforrecordingorrepro- 
ductionaccurately.whichresultsinimprovedremovabil- 
ity.facilitatesrandomaccessandallowsincreasesina 
recording density, record ing capacity and transfer rate. 
Particularly, the present embodiment allows dramatic 
increases) narecordingdensity.recordingcapacityand 
transfer rate as a result of the capability of multiplex 
recordingofinformationbasedonphase-encodingmul- 
tiplexing.Forexamp^whenaseriesof information is 
recordedinthesamelocationofthehologramlayer3on 
amultiplexbasiswhilechangingthemodulationpattern 
forthereferencelightforrecording.theinformationcan 



berecordedandreproducedataveryhighspeed. 

[0096] Thepresentembodimentalsomakesitpos- 
sible to achieve copy protection and security easily 
becauseinformationrecordedintheopticalinformation 
record ingmedium lean notbereprod ucedunlessrefer- 
encelightforreproductionisusedwhichhastheseine 
modulation pattern as that of the reference light for 
recording used to record the information. The present 
embodimentalsomakesitpossibletoprovideservices 
e.g.,aserviceinwhichamultiplicityofkindsofinforma- 
tion(e.g.,variouskindsofsoftware)withdifferentmod- 
ulation patterns for reference light are recorded in 
optica I information record ing media 1 ; the optica I infor- 
mation recording media 1 themselves are provided to 
usersatarelativelylowprice;andpiecesofinformation 
of the reference light modulation patterns to enable 
reproductionofeachofthevariouskindsofinformation 
a re separately sold to the users as key information as 
requested bytheusers. 

[0097] Withtheopticalinformationrecording/repro- 
ducingapparatuslOaccordingtothepresentembodi- 
ment, a pattern of reproduction light can be easily 
recognizedbecausereferencepositioninformationindi- 
catingareferencepositionforthepatternoftherepro- 
ductionlightisincludedintheinformationlight. 
[0098] The optical information recording/reproduc- 
ingapparatuslOaccordingtothepresentembodiment 
is compatible with conventional optical disk devices 
becauseinformationrecordedintheformofembossed 
pitsinarecordingmediumcanbereproducedbysetting 
thepick-up1 1 intheservostateshowninFig.4. 
[0099] Withtheopticalinformationrecording/repro- 
ducingapparatuslOaccordingtothepresentembodi- 
ment, it is quite difficult to copy an optical information 
recording medium 1 having information recorded 
therein because each item of information recorded in 
theoptical information recording medium 1 ona multi- 
plexbasisisassociatedwithadtfferentmodulationpat- 
tern forthe phaseof th e reference light. This makes it 
possibletopreventillegalcopying. 
[01 00] Intheoptical information recording medium 
1 accord i ngtothepresentem bodiment.si ncetheholo- 
gram layer 3 in which information is recorded utilizing 
holographyisseparatedfromthelayerinwhichinforma- 
tionofaddressesandthelikeisrecordedintheformof 
embossed pits, those two layers must be associated 
witheachothertocopytheopticalinformationrecording 
mediumlhavinginformationrecordedtherein.Copying 
isdifficultalsofrom this point of view, which makes it 
possi bl etopreventi I legalcopy i ng . 
[0101] Adescriptionwillnowbemadeonanoptical 
information recording/reproducing a pparatusaccordtng 
toa second embodimentofthe present invention. The 
presentembodimentisanexample in which multiplex 
recording is enabled by using phase-encoding multi- 
plexing and hole burningtype wavelength multiplexing 
incombination.Thegeneralconfigurationoftheoptical 
tnformationrecording/reproducingapparatusaccording 



17 



33 EP1065658A1 34 



tothepresentembodimentissubstantiallythesameas 
the configuration of the optical information record- 
ing/reproducing apparatus 10 according to the first 
embodimentshowninFig.2. 

[0102] First, hole burning type wavelength multi- 
plexing willbebrieflydescribed.Holeburningisaphe- 
nomenoninwhichachangeinabsorbanceoccursinan 
absorptionspectruminthepositionofthewavelengthof 
incidentltghtandisalso referred toas"photochemical 
hole burning". Hereinafter, a material that causes hole 
burning,i.e.,amaterialthatcausesachangeinabsorb- 
ance in an absorption spectrum in the position of the 
wavelengthofincidentlightisreferredtoas ,, hole burn- 
ing material". In general, a hole burning material is a 
material obtained by dispersing light-absorbing center 
materials(referredtoas"guests")suchaspigmentina 
medium(referredtoas n host n )havinganirregularstruc- 
ture, e.g., an amorphous structure. At extremely low 
temperatures, such a hole burning material exhibits a 
broad absorption spectrum that is attributable to over- 
iappingofabsorptionspectraofamultiplicityofguests. 
When such a hole burning material is illuminated with 
lightsuchaslaserlighthavingacertainwavelength(a 
wavelengthwithintheabsorptionbandoftheholeburn- 
ing material), since only guests having a resonance 
spectrumassociatedwiththewavelengthjumptoadif- 
ferentenergylevelasaresultofaphotochemicalreac- 
tion,areductionofabsorbanceoccursintheabsorption 
spectrumoftheholeburningmaterialinthepositionof 
thewavelengthoftheilluminatinglight. 
[0103] Fig.16showsastateoftheabsorptionspec- 
trumofaholeburningmaterialinwhichareductionof 
absorbance has occurred in a plurality of wavelength 
positions as a result of i I lu mina tion with I ig ht ha vi ng a 
plurality of wavelengths. The regionsof a hole burni ng 
materiaiwhereareductionofabsorbancehasoccurred 
when illuminated with lightare referred to as "holes". 
Since such holes are extremely small, a plurality of 
piecesofinformationwithdifferentwavelengthscanbe 
recorded on a hole burning material on a multiplex 
basis, and such a method for multiplex recording is 
referredtoas"hole burni ngtype wavelength multiplex- 
ing". Sincethesizeofholesisontheorderof10" 2 nm, 
itisassumedthatmultiplicityontheorderoflO 3 to 10 4 
can be achieved with a hole burning material. Hole 
burning is described in detail, for example, in "Funda- 
mentalsofOpticalMemories"publishedbyCoronaCor- 
poration.pp. 1 04-1 33, 1 990andtheabove-citedarticle 
"Study on Novel Real Time Recording and Reproduc- 
tionofWavelengthMultiplexHologramUtilizingPHB". 
[0104] The present embodiment makes it possible 
to form a plurality of holograms with different wave- 
lengthsonaholeburningmaterialutilizingholebuming 
type wavelength multiplexing as described above. For 
thispurpose, a hologram layer3of an optica I informa- 
tionrecording medium lusedintheopticalinformation 
recording/reproducing apparatus according to the 
present embodiment is formed from a hole burning 



materialasdescribedabove. 

[0105] Accordingtothepresentembodiment.alight 
source device 25 in a pick-up 11 is capable of selec- 
tivelyemittingcoherentlighthavingapluralityofwave- 
lengthswithintheabsorptionbandofthehole burning 
materiaffromwhichtheho!ogramlayer3isformed.The 
light source device 25 may be a wavelength variable 
laser device having a dye laser and a wavelength 
selectingeiement(aprism,diffractiongratingorthelike) 
for selecting a wavelength of light emitted by the dye 
laser;awavelengthvariablelaserdevicehavingalaser 
and a wavelengthselecting element utilizing a non-lin- 
ear optical element for converting the wavelength of 
lightemittedbythelaser;orthelike. 
[0106] An operating portion 91 according to the 
presentembodimentallowsamodulationpatternfo pref- 
erence light to be selected from among a plurality of 
modulationpatternssimitarlytothatinthefirstembodi- 
mentandallowsthewavelengthoflightemittedbythe 
lightsourcedevice25tobeselectedfromamongaplu- 
ralityofselectablewavelengths,Acontroller90supplies 
information of a wavelength selected by itself or the 
operating portion91inaccordancewithpredetermined 
conditionstothelightsourcedevice25and,according 
tothewavelengthinformationsuppliedbythecontroller 
90, the light source device 25 emits light having the 
wavelength associated therewith. The light source 
device 25 of the present embodiment corresponds to 
the wavelength selection means according to the 
presentinvention. 

[0107] The configuration of the optical information 
recording/reproducing apparatus according to the 
present embodiment is otherwise the same as that of 
thefirstembodiment. 

[0108] In the optical information record i ng/repro- 
ducingapparatusaccordingtothepresentembodiment, 
when recording is performed, the wavelength of light 
emitted by the lightsource device 25 is selected from 
amongapluralityofeelectablewavelengthsAsaresult, 
information! ightandreferencelightforrecordinghaving 
the selected wavelength are generated. According to 
the present embodiment, multiplex recording can be 
carriedoututilizingholeburningtypewavelengthmulti- 
plexing by performing a recording operation a plurality 
oftimeswiththewavelengthoftheinformationlightand 
thereferencelightforrecordingvariedinthesameloca- 
tionofthehologramlayer3. 

[0109] Withtheoptical information record ing/repro- 
ducingapparatusaccordingtothepresentembodiment, 
multiplex recording can be carried out which involves 
both of phase-encoding multiplexing and hole burning 
typewavelengthmultiplexingbyperformingarecording 
operationapluralityoftimeswiththemodulationpattern 
of the reference light for recording varied at a certain 
wavelengthinthesamelocationofthehologramlayer3 
andfurtherperformingtherecordingoperationaplural- 
ityoftimeswiththemodulationpatternofthe reference 
light varied similarly at a different wavelength. In this 
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case.multiplicityofM xNcanbeachievedwhereNrep- 
resents multiplicity achieved by phase-encoding multi- 
plexing and M represents multi plicity achieved by hole 
burning type wavelength multiplexing. Therefore, the 
present embodiment makes it possible to achieve 
greater increases in the recording density, recording 
capacity and transfer rate than achievable in the first 
embodiment. 

[01 1 0] The present embod iment makes it possible 
to achieve copy protection and security easily like the 
first embodiment because information recorded in the 
optical information recording medium 1 cannot be 
reproduced unless reference light for reproduction is 
used which has the same wavelength as that of the 
information light and the reference light for recording 
usedtorecordtheinformation. Further, whenmultiplex 
recording is performed as a combination of phase- 
encoding multiplexing and hole burning type wave- 
lengthmultiplexing.ahighertevelofcopyprotectionand 
security canbeachievedbecausereproductioncannot 
be performed unless reference I ightfor reproduction is 
used which has the same wavelength as that of the 
information light and the reference light for recording 
usedtorecordtheinformation.andwhichhasthesame 
modulation pattern as that of the reference light for 
recording. 

[01 1 1] Thepresentembodimentalsomakesitpos- 
sibletoprovideservicese.g.,aserviceinwhichamulti- 
plicity of kinds of information (e.g., various kinds of 
software) with different wavelengths of the information 
light and the reference light for recording or different 
modulation patterns of reference light a re recorded in 
optical information recording media 1;theoptical infor- 
mation recording media 1 themselves are provided to 
usersatarelatively1owprice;andpiecesofinformation 
ofthe wavelengths and the modulation patterns of the 
referencelighttoenablereproductionofeachofthevar- 
ious kinds of information are separately sold to the 
usersaskeyinformationasrequestedbytheusers. 
[01 12] The operation and effects of the present 
embodiment are otherwise substantially the same as 
thoseofthefi rstem bod iment. 

[0113] Anopticalinformationrecording/reproducing 
apparatus according to a third embodiment of the 
present invention will now be described. The general 
configurationoftheopticalinformation record ing/repro- 
ducingapparatusaccordingtothepresentembodiment 
issubstantiaHythesameastheconfigurationoftheopti- 
cal information record ing/reproducing apparatus 10 
according to the first embodiment shown in Fig. 2 
exceptthattheconfiguration ofthe pick-up is different 
fromthatinthefirstem bod iment. 
[0114] Fig. 17 is an illustration ofthe configuration 
ofthe pick-up according to the present embodiment, 
andFig.18isaplanviewofaconfigurationofanoptical 
unitincludingvariouselementsthatformthepick-up. 
[01 15] The pick-up 111 according to the present 
embodimenthas:alightsourcedevice1 1 2whichemits 



coherentlinearlypolarized laser light; and a collimator 
lens113,aneutraldensityfilter(hereinafterreferredto 
as "ND filter") 1 14, a rotating optical element 1 15, a 
polarization beam splitter 116, a phase-spatial light 
modulator! 1 7,abeamsplitter1 18andaphotodetector 
1 19 which a re provided in thetraveling direction of the 
lightemittedbythelightsourcedevicel 1 2intheorder 
listed that is the order of their closeness to the light 
sourcedevicel 12Thelightsourcedevice1 12emitsS- 
polarizedlinearlightorP-polarizedlinearlight.Thecol- 
Hmatorlens113collimatesthelightemittedbythelight 
sourcedevicel 12toemitparallelbeamsTheNDfilter 
1 1 4hasthepropertyofmakingtheintensitydistribution 
of the light emitted by the collimator lens 1 1 3uniform. 
The optically rotating optical element 115 optically 
rotatesthelightemittedbytheNDfilter114toemitlight 
including S-polarized components and P-polarized 
components. For example, a 1/2 wavelength plate or 
optica llyrotatingplateisusedastherotatingopticalete- 
ment 115. The polarization beam splitter 116 has a 
polarization beam splitter surface 1 1 6a which reflects 
the S-polarized componentsofthelightemittedbythe 
rotatingopticalelementl 1 SandwhichtransmitstheP- 
polarizedcomponents.Thephase-spatiallightmoduIa- 
torl 1 7issimilartothephase-spatiallightmodulator1 7 
in the first embodiment. The beam splitter 118 has a 
beam splitter surface 1 18a. For example, the beam 
splitter surface 1 18a transmits 20% ofthe P-polarized 
componentsandreflects80%ofthesame.Thephoto- 
detectorl 1 9isusedtomonitorthequantityofreference 
light for automatic power control (hereinafter repre- 
sentedby"APC")overthereferencelightAlight-receiv- 
ingportionofthephotodetectorl 1 9maybedividedinto 
a plurality of regions to allow the adjustment ofthe 
intensitydistributionofreferencelight. 

[01 1 6] The pick-up 111 further has a polarization 
beamsplitter120,adoubleopticallyrotatingplate121 
and a raising mirror 122 which are provided in the 
travelingdirectionofthelightemittedbythelightsource 
device 112 and reflected by the beam splitter surface 
1 18aofthebeam splitter 1 18intheorderlistedthatis 
the order of their closeness to the beam splitter 118. 
The polarization beam splitter 1 20 has a polarization 
beam splitter surface 120a for reflecting S-polarized 
componentsinlightincidentthereuponandfortransmit- 
ting P-polarized components therein. The double opti- 
cally rotating plate 1 21 has an optically rotating plate 
1 21 RprovidedontherightsideoftheopticalaxisinFig. 
17andanopticallyrotatingplate121Lprovidedonthe 
leftsideoftheoptical axis. Theoptically rotating plates 
121 R and 121 L are similar to the optically rotating 
platesl 4Rand1 4Lofthedoubleopticallyrotatingplate 
1 4 in the first embodiment. Theoptically rotating plate 
1 21 Ropticallyrotatesapolarizingdirectionat-45 °,and 
theopticallyrotatingplatel 21 Lopticallyrotatesapolar- 
izing direction at +45 °. The raising mirror 1 22 has a 
reflecting surface which is tilted at 45 ° relative to the 
optical axis of light from the double optically rotating 
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plate 1 2 1 to reflect the light from the double optically 
rotating plate 121 in the direction perpendicular to the 
planeofFig.17. 

[01 1 7] The pick-up 111 further has: an objective 
lens123providedinthedirectioninwhichthelightfrom 
thedoubleopticallyrotatingplate121travelsafterbeing 
reflected by the reflecting surface of the raising mirror 
1 22 such that itfaces a transparent substrate 2 of an 
optica linformationrecordingmediumlwhentheoptical 
informationrecordingmediumlissecuredtoaspindle 
8 1 ; and has an actuator 1 24 (see Fig. 1 8) capable of 
moving the objective lens 123 in the direction of the 
thicknessoftheopticalinformationrecordingmediuml 
andthedirectionoftracksthereof. 
[01 1 8] The pick-up 111 further has a spatial light 
mcKlulator 1 25, a convex lens 1 26, a beam splitter 1 27 
and a photodetector 128 which are provided in the 
travelingdirectionofthelightemittedbythelightsource 
device 11 2a ndrefiectedbythepolarizationbeamsplit- 
tersurfacel 16aofthepolarizationbeamsplitter1 16in 
theordeiiistedthatistheorderoftheirclosenesstothe 
polarizationbeamsplttterl 1 6.Thespatiallightmodula- 
torl 25issimilartothespatiallightmodulator1 8tnthe 
firstembodiment.Theconvexlens126hasafunctionof 
converging information light before reference light for 
record ingintheopticalinformationrecordingmediuml 
to form a reg ion of interference between the reference 
lightforrecordingandtheinformationlight.Thesizeof 
theregionofinterferencebetweenthereferencelightfor 
recording and the information light can be adj usted by 
adjustingthepositionoftheconvexlens126.Thebeam 
splitteri 27hasabeamsplittersurface1 27a.Forexam- 
ple,thebeamsplittersurface127atransmits20%ofS- 
polarized components and reflects 80% of the same. 
Thephotodetectorl 28isusedtomonitorthequantityof 
informationlighttotherebyperformAPContheinforma- 
tion light. Alight-receiving portionofthe photodetector 
128 may be divided into a plurality of regions to allow 
theadjustmentoftheintensitydistributionofinformation 
light. Light that impinges upon the beam splitter 1 27 
from the convex lens 1 26 to be reflected by the bea m 
splitter surface 127a is incident upon the polarization 
beamsplitter120. 

[01 1 9] The pick-up 111 further has a convex lens 
t29,acylindricallens130andaquadruplephotodetec- 
tor131whichareprovidedonthesideofthebeamsplit- 
terl 27oppositetothepolarizationbeamsplitter1 20in 
theorderlisted which istheorderoftheirclosenessto 
thebeamsplitterl 27Thequadruplephotodetectoii 3 1 
issimilartothequadruplephotodetector29inthefirst 
embodiment. The cylindrical lens 28 is provided such 
that the center axis of a cylindrical surface thereof 
definesanangleof45°toadivisionlineofthequadru- 
plephotodetector131 . 

[0120] Thepick-up1 1 1furtherhasanimaginglens 
1 32 and a CCD array 1 33 which are provided on the 
sideofthebeamsplitterl 1 8oppositetothepolarization 
beamsplitter120intheorderlistedthatistheorderof 



theirclosenesstothebeamsplitterl 1 8. 

[0121] Thepick-up1 1 1furtherhasacollimatorlens 
134andafixinglightsourcedevice135whicharepro- 
videdonthesideofthepolarizationbeamsplitter116 
oppositetothespatiallightmodulator125intheorder 
listedthatistheorderoftheirclosenesstothepolariza- 
tion beam splitter 116. The fixing light source device 
135 emits light for fixing information recorded in the 
hologram layer 3 of the optical information recording 
medium 1 .e.g., ultravioletlighthavingawavelengthof 
266 nm. A laser light source, a light source device for 
passing lightemittedbyalaserlightsourcethrougha 
non-linear optical medium to emit the light with the 
wavelength thereof converted , orthe li ke may be used 
assuchafixinglightsourcedevice135.Thecollimator 
lens 134 collimates light emitted by the fixing light 
source device 1 35. According to the present embodi- 
ment, thefixinglightsourcedevice135emitsS-polar- 
izedlight. 

[0122] AsshowninFig.18,anopticalunit140has 
anopticalunitbody141.Fig.18showsonlytheregion 
of a bottom surface of the optical unit body 141. 
Attached to the optical unit body 141 are the above- 
described collimator lens 113, ND filter 114, rotating 
optical element 115, polarization beam splitter 1 16, 
phase-spatial light modulator 117, beam splitter 118, 
polarization beam splitter 120, double optically rotating 
plate 121, raising mirror 122, spatial light modulator 
125, convex lens 126, beamsplitter 127, convex lens 
129,cylindricallens130,imaginglens132andcollima- 
torlens134. 

[0123] Ftg.18showsanexampleoftheuseofa1/2 
wavelengthptateastherotatingopticalelement115.ln 
thisexample,amotor142andagear143fortransmit- 
ting the rotationof an output shaft of the motor 1 42 to 
therotatingopticalelementl 1 Sareprovidedintheopti- 
calunitbody141inordertoadjusttheratiobetweenS- 
polarized components and P-polarized components in 
lightemittedbytherotatingopticalelementl 1 5. 
[0124] Figs. 1 9Aand 1 9Bshowanexampleofthe 
rotating optical element 1 1 5 in which optically rotating 
platesareused Therotatingopticalelementl 1 Sinthis 
examplehastwowedge-shapedopticallyrotatingplates 
1 1 5a and 1 1 5b that are in a face-to-face relationship 
witheachother.Atleasteitheroftheoptically rotating 
plates 1 15a and 11 5b is displaced by a driving device 
whichisnotshowninthedirectionsofthearrowsinthe 
figures to change the combined thickness of the opti- 
cally rotating plates 115a and 115b at an overlap 
betweentheopticallyrotatingplatesl 1 5aand 1 1 5bas 
shown in Figs. 1 9Aand 1 9B. This changes a rotating 
angle oflightthat passes through the optically rotating 
plates 115a and 115b, thereby changing the ratio 
betweenS-polarizedcomponentsandP-polarizedcom- 
ponentsinlightemergingfromtherotatingopticalele- 
ment 1 1 5. A large combined thickness of the optically 
rotating plates 1 1 5a and 1 1 5b as shown in Fig. 19A 
resultsinalargerotatingangle.andasmallcombined 
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thicknessoftheopticallyrotatingplatesl 15aand1 15b 
asshowninFig. 1 9Bresultsinasmallrotatingangle. 

[0125] The actuator 1 24 is mounted on a top sur- 
faceoftheopticalunitbodyl 41 Thelightsourcedevice 
112 is integral with a driving circuit 145 for driving the 
lightsourcedevtcel 1 2andismountedonalateralsur- 
face of the unit body 141 along with the driving circuit 
145Thephotodetector119isintegralwithanAPCcir- 
cuit146and is mounted toa lateral surfaceoftheunit 
body141alongwiththeAPCcircuit146.TheAPCcir- 
cuit146amplifiestheoutputofthephotodetector1 1 9to 
generate a signal APC ref used for APC carried outon 
reference light. The photodetector 1 28 is integral with 
an APCcircuit 1 47 and is mounted toa lateral surface 
oftheunitbodyl 4 1 alongwiththeAPCci rcuitl 47The 
APCcircuit 147amplifiestheoutputofthephotodetec- 
tor 1 1 9togeneratea signal APC ob j used for APC car- 
ried out on information light. A driving circuit 148 for 
drivingthemotor142ismountedtoalateralsurfaceof 
the unit body 141 in the vicinity of the motor 142 for 
comparing the signals APC ref and APC ob j from the 
respective APC circuits 146 and 147 to optimize the 
ratiobetweenS-polarizedcomponentsandP-polarized 
componentstnthetightemergingfromtherotatingopti- 
calelementl 15. 

[0126] Thequadruplephotodetector131 isintegral 
withadetectioncircuit85(seeFig.2)andismountedto 
a lateral surface of the unit body 141 along with the 
detection circuit85.TheCCDarray 133 is integral with 
a signal processing circuit 149 for operations such as 
driving the CCD array 1 33 and processing an output 
signalfromtheCCDarray133andismountedtoalat- 
eral surfaceoftheunit body 141 along with the signal 
processing circuit 149. The fixing light source device 
1 35 is integ ral with a driving circuit 1 50fordriving the 
fixingltghtsourcedevice135andismountedtoalateral 
surfaceoftheunitbody141alongwiththedrivingcircuit 
1 50 Aninput/outputportl 51forinputandoutputofvar- 
ioussignalsbetweencircuitsintheopticalunit140and 
theoutsideoftheopticalunit140isfurthermountedto 
alateralsurfaceoftheunitbody141.Forexample,an 
opticalfiberflexiblecable152includinganopticalfiber 
for optically transmitting signals is connected to the 
input/outputportl 51 . 

[01 27] Al thoug hnotshown ,ad ri vi ngci rcu itfo rd ri v- 
ingthe phase-spatial lightmodulatorl 17andadriving 
circuit for driving the spatial light modulator 1 25 are 
mounted on an uppersurface of theoptical unit body 
141. 

[0128] Fig.20showsanexampieofaconfiguration 
ofthepick-up1 1 1 inwhichthelightsourcedevicel 12 
is capable of transmitting laser beams in three colors, 
i.e.,red(hereinafterrepresentedby ,, R H ) ) green(herein- 
after represented by "G") and blue (hereinafter repre- 
sented by "B") as beams in a plurality of wavelength 
bandsandinwhichtheCCDarray 1 33isalsocapable 
ofdetectingbeamsinthethreecolorsR.GandB. 
[0129] Thelightsourcedevice 1 12 in the exam pie 



shown in Fig. 20 hasa coiorsynthesis prism 161. The 
colorsynthesisprism161hasanR-lightincidencepor- 
tion 1 62R, a G-light incidence portion 1 62G and a B- 
light incidence portion 162B. The incidence portions 
1 62R, 1 62Gand 1 62Bareprovidedwithrespectivecor- 
rectionfiiters163R, 163Gand 163B. The light source 
device 1 12 further has: semiconductor laser devices 
(hereinafter represented by M LDs") 164R, 164G and 
164BforemittingRlight,GlightandBlightrespectively; 
and collimator lenses 1 65R, 1 65G and 1 65B for colli- 
mating the beams of light emitted by the LDs 1 64R, 
1 64Gand 1 64Bandcausingthemtoimpingeuponthe 
respective incidence portions 162R, 162G and 162B. 
TheRlight.GlightandBlightemittedbytherespective 
LDs1 64R.1 64Gand1 64Bimpingeuponthecolorsyn- 
thesis prism 161 through the collimator lenses 165R, 
165Gand165Bandcorrectionfilters163R,163Gand 
1 63B to be synthesized by the color synthesis prism 
1 61 andprojectedupontheNDfilterl 1 4. Intheexam- 
pleshowninFig,20,nocollimatorlens1 1 3asshownin 
Fig.17isprovided. 

[0130] TheCCDarray133intheexampleshownin 
Fig.20hasacolorseparationprism1 71 .Thecotorsep- 
aration prism 171 has an R-light emerging portion 
1 72R, a G-light emerging portion 1 72G and a B-light 
emerging portion 1 72B. The emerging portions 1 72R, 
172G and 172B are provided with correction filters 
173R t 173Gand173B,respectively.TheCCDarray133 
further has CCDs 1 74R, 1 74G and 1 74B provided in 
positions ina face-to-face relationshipwiththe respec- 
tiveemergingportions172R,172Gand172Bforphoto- 
graphing an R-light image, G-light image and B-light 
image. Lightfromtheimaginglens132isseparatedby 
thecolorseparationprism171intoRlight,GlightandB 
lightwhichrespectivelyimpingeupontheCCDs174R, 
174G and 174B through the correction filters 173R, 
173Gand173B. 

[0131] A description will now be made with refer- 
encetoFigs.21through23onaslide-feedmechanism 
oftheopticalunit140ofthepresentembodiment Fig. 
21isaplanviewoftheslide-feedmechanism.Fig.22is 
a partially cutaway side viewof the slide-feed mecha- 
nism inastationarystate. Fig. 23isa partial lycutaway 
side view of the slide-feed mechanism with theoptical 
unitdisplacedslightly. 

[0132] The slide-feed mechanism has: two shafts 
181Aand181BarrangedinparalIelinthemovingdirec- 
tionof the optical unit 1 40; two bearings 1 82 provided 
on each of the shafts 181 A and 181B and movable 
along the respective shafts 181 A and 181B; a plate 
spring 183forelasticallycouplingeachofthebearings 
1 82 to theoptical unit 1 40; and a linear motor 1 84 for 
movingtheopticalunit140alongtheshafts181Aand 
181B. 

[01 33] Thelinearmotorl 84has:acoil1 85coupIed 
toa lowerend of the optica! unit 1 40; two yokes 1 86 A 
and186Bintheformofframesprovidedinthemoving 
directionoftheopticalunit140suchthatapartthereof 
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penetratesthroughthecoil185;andmagnets187Aand 
187B secured to the inner peripheries of the yokes 
1 86A and 1 86B in a face-to-face relationship with the 
coiI185. 

[01 34] An operation of the slide-feed mechanism 

will now be described. When the linear motor 1 84 is 

operated,theoptica!unit140isdisplaced.Whensucha 

displacementisverysmall,asshowninFig.23,nodis- 

placementof the bearings 182 occurs, and the plate 

springs 1 83 between the bearings 1 82 and the optica! 

unit140aretransformed.Whenthedisplacementofthe 

optical unit 140 exceeds a predetermined range, the 

bearings182aredisplacedtofollowtheopticalunit140. 

Withsuchaslide-feedmechanism.nodisplacementof 

the bearings 182occurswhenthedisplacementofthe 

opticalunit140isverysmall,whichmakesitpossibleto 

preventwearofthebearings182attributabletosiiding. 

Asaresult,theopticalunit140canbedrivenbythelin- 

earmotor184toperformtrackingservowhilemaintain- 

ing the durability and reliability of the slide-feed 

mechanism. Aseekoperationisalso performed using 

theslide-feedmechanism. 

[01 35] The actuator 1 24 has a cylindrical actuator 
body182whichholdstheobjectivelens123andwhich 
can be rotated about an axis 181. The actuator body 
1 82isformedwithtwoholes1 83inparalletwiththeaxis 
181.Afocusingcoil184isprovidedattheouterperiph- 
eryoftheactuatorbody 1 82. Further, acoilforin-field 
access which is notshown is provided ata part of the 
outer periphery of the focusing coil 184. The actuator 
1 24 further has a magnet 1 85 inserted in each of the 
holes183andamagnetwhichisnotshownprovidedin 
a face-to-face relationship with the coil for in-field 
access.Theobjectivelens123isprovidedsuchthata 
Iineconnectingthecenteroftheobjectivelens123and 
theaxis 181 isoriented in the di rection of tracks when 
theactuatorl 24isstationary. 

[0136] A description will now be made with refer- 
encetoFigs.24Athrough24CandFig.27onamethod 
forpositioning(servo)ofreferencelightandinformation 
light relative to data areas of the optical information 
recording medium 1 according to the present embodi- 
ment. The actuator 1 24 of the presentembodiment is 
capableofmovingtheobjectivelensl 23inthedi rection 
of the thickness of the optical information recording 
medium landthedirectionoftracksthereof. 
[0137] Figs.24Athrough24Cshowtheoperationof 
moving the objective lens 1 23 in the direction of the 
tracks of the optical information recording medium 1 
with the actuator 1 24, The actuator 1 24 is in the state 
showninFig,24Bwhenitisstationary.Whenthecoilfor 
in-field access which is not shown is energized, the 
actuator 1 24changesfromthestateshownin Fig .24B 
tothestateshowninFig.24Aor24C.Suchanopera- 
tionofmovingtheobjectivelens 1 23inthedirectionof 
thetracksoftheopticalinformationrecordingmediuml 
is referred to as "in-field access" in the context of the 
presentembodiment. 



[0138] Fig. 25 shows a moving direction of the 
objectivelens123duringaseekandamovingdirection 
oftheseineduringin-fieldaccess.lnFig.25,therefer- 
encenumberl 9 1 representsthemovingdirectionofthe 
objective lens 123 during a seek, and the reference 
number 192 represents the moving direction of the 
objectivelens123duringin-fieldaccessThereference 
number 1 93 represents a locus of the center of the 
objective lens 1 23 in the case of a combination of a 
seekingmovementandin-fieldaccess.lnthecaseofin- 
field access, for example, the center of the objective 
lensl 23canbemovedbyabout2mm. 

[01 39] In the presentembodiment, the positioning 
(servo)ofreferencelightandinformationlightrelativeto 
the data areas of the optical information recording 
medium 1 is carried out utilizing in-field access. Figs. 
26Aand26Bareillustrationsforexplainingsuch posi- 
tioning. In the optical information recording medium 1 
accordingtothepresentembodiment,asshowninFig. 
26 A, while a groove 201 is formed on each track of 
addressservoareas6,nogroove201isformedindata 
areas7.Attheendsofanaddressservoarea,thereis 
formed rowsofpits 202 used to reproduceaclockand 
toindicatetheendofadataarea7itadjoins(whichis 
referredtoas"polarity M inthepresentembodiment). 
[0140] lnFig.26B,thereferencenumber203repre- 
sentsalocusofthecenteroftheobjectivelens123dur- 
ing recording or reproduction, in the present 
embodiment, whenmultiplexrecordingofinformationis 
carriedoutonadataarea7usingphase-encodingmul- 
tiplexing or when the information recorded in the data 
area7onamultiplexbasisisreproduced,thecenterof 
the objective lens 123 is moved using in-field access 
such that the center of the objective lens 1 23 recipro- 
cates within a section including thedata area 7and a 
partoftheaddressservoareas6onbothsidesthereof 
asshowninFig.26B,insteadofstoppingthecenterof 
theobjective!ens123withinthedataarea7.Therows 
of pits 202 arethen used to reproduce a clock and to 
determinethepolarity,andthegrooves20 1 areusedto 
performfocusservoandtrackingservoinsections204 
intheaddressservoareas6.Notrackingservoisper- 
formed in a section 205 located between the sections 
204includingthedataarea7,andthestateofpassage 
ofthesections204ismaintainedinthissection.Turning 
points in the movement of the center of the objective 
lens 123 are determined to be in constant positions 
based on the reproduced clock. Locations of a data 
area 7 where information is recorded on a multiplex 
basis are also determined to be in constant positions 
based on the reproduced clock. In Fig . 26B, the refer- 
ence number 206 represents a gate signal that indi- 
cates timing for recording or reproduction. A high (H) 
levelofthisgatesignalrepresentstimingforrecording 
orreproduction.Torecordinformationinconstantloca- 
tionsinadataarea7onamultiplexbasis,forexample, 
theoutputofthelightsourcedevice 1 1 2maybeselec- 
tively set ata high outputfor recording when the gate 
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signal is at the high level. To reproduce information 
recordedonamultiplexbasisinconstantlocationsofa 
data area 7, for example, the light source device 112 
may be selectively caused to emit light when the gate 
signalisatthehighlevel.lncasewheretheCCDarray 
1 33 has the function of an electronic shutter, images 
may alternatively be fetched using the function of an 
electronic shutter when the gate signal is at the high 
level. 

[0141] By positioning reference light and informa- 
tion! ighta ceo rdingtotheabove-describedmethodjtis 
possibletopreventanyshiftofapositionofrecordingor 
reproduction even when recording or reproduction is 
performedforarelativeiylongtimeinthesamelocation 
of the optical information recording medium 1. Even 
when the optical information recording medium 1 is 
rotated, recording and reproduction can be performed 
asiftheopticalinformationrecordingmedium 1 issta- 
tionary by performing in-field access to follow up the 
rotation of the optical information recording medium 1 , 
whichmakesitpossibletoperformrecordingandrepro- 
ductionforarelativelylongtimeinthesamelocationof 
theopticalinformationrecordingmediuml.Theuseof 
thetechniqueofpositioningreferenceiightandjnforrna- 
tion fight utilizing in-field access as described above 
makes it possible to position reference light and infor- 
mation light easily not only on a disk-shaped optical 
information recording medium 1 but also on optical 
information recording media in other configurations 
suchasacard-likeconfiguration. 
[0142] Fig. 27shows an exam pie of a locus of the 
centeroftheobjectivelens123inthecaseofaccessto 
apluralityoflocationsofanopticalinformationrecord- 
ingmediumlutilizingaseekingmovementand in-field 
accessi ncom bination .1 nthefig u re,astraightl i nei nthe 
verticaldirectionrepresentsaseek;astraightiineinthe 
horizontal direction represents a movementto another 
location in the direction of the tracks; and a region 
whereareciprocatingmotiontakesplacewithinashort 
section is a region where recording or reproduction is 
performed. 

[0143] A description will now be made with refer- 
ence to Figs. 28 and 29 on an example of a ca rtridge 
that contains an optical information record ing medium 
1.Fig.28isaplanviewofthecartridge,andFig.29isa 
pianviewofthecartridgewithashutterthereofopened. 
Acartridge211 in this example has a window portion 

21 2 where a part of an optical information recording 
medium 1 contained therein is exposed and a shutter 

2 1 3 for opening and closing the window portion 212. 
Theshutter21 3 is urged inthedirectionof closing the 
window portion 212. While the window portion 2 1 2 is 
normallyclosedasshowninFig.28,thecartridge21 1 

is moved by anoptical information recording/reproduc- 
ing apparatus in the direction of opening the window 
portion21 2asshown in Fig. 29 when itis mounted in 
the optical information recording/reproducing appara- 
tus. 



[0144] A description will now be made with refer- 
ence to Figs. 30 through 34 on examples of arrange- 
mentsofopticalunits140incaseswhereinapluralityof 
pick-upsl 1 lareprovidedinasingleopticatinformation 
recording/reproducingapparatus. 

[0145] Fig.30showsanexamplewhereintwoopti- 
calunits 1 40Aand 1 40Bareprovidedinaface-to-face 
relationship with one side of an optical information 
recordingmediuml Theopticalunitl 40Ahasaconfig- 
uration similartothatof the optical unit 1 40 shown in 
Fig.21(hereinafterreferredtoas"typeA").Theoptical 
unit140Bhasaconfigurattonwhichisinaplanesyrn- 
metrical relationship with that of the optical unit 140 
shown in Fig. 21 (hereinafter referred to as "type B"). 
The two optical units 140A and 140B are provided in 
positions in a face-to-face relationship with the optical 
informationrecordingmediumlexposedatthewindow 
portion21 2ofthecartridge21 1 .Theslide-feedmecha- 
nismofeachoftheopticalunitsl 40Aand 1 40Bispro- 
vided such that the center of an objective lens 123 of 
eachoftheopticalunitsl 40Aan d 1 40Bismovedalong 
alineextendingthroughthecenteroftheopticaiinfor- 
mationrecordingmedium 1 . 

[0146] Fig.31showsanexamplewhereintwoopti- 

calunitsareprovidedinaface-to-fecerelattonshipwith 

eachsideofenopticalinformationrecordingmediuml., 

i.e.,fouropticalunitsintotalareprovided.Fig.32isa 

sectionalviewtakenalongthelineA-A'inFig.S^and 

Fig . 33 is a sectional viewtaken along the line B-B' in 

Fig. 31. In this example, two optical units 140A and 

140B are provided in a face-to-face relationship with 

one side (backside in Fig. 31 ), and two optical units 

1 40Cand 1 40Dareprovided in aface-to-face relation- 

shipwiththeotherstde(topsideinFig.31)oftheoptical 

information recording medium 1 .Theopticalunit140C 

isthetypeA,andtheopticalunit140DisthetypeB. 

[0147] The optical units 140Aand MOB and the 

slide-feed mechanisms therefor and the optical units 

140Cand140Dandtheslide-feedmechanismstherefor 

arearrangedinaccordancewiththesameconditionsas 

described with reference to Fig. 30. In order to effec- 

tivelyutilizethefouropticaluntts140A,140B I 140Cand 

140D, an optica I information record ing medium 1 must 

be used which allows recording and reproduction of 

informationonbothsidesthereof. 

[0148] Fig. 34 shows an example wherein eight 

opticalunitsare provided inaface-to-face relationship 

with each side of an optical information recording 

mediuml ,i.e. .sixteenopticalunitsareprovidedintotal. 

In this example, eightoptical units 140 through 140 8 

areprovidedinaface-to-facerelationshipwithoneside 

(topsideinFig.34),andeightopticalunits140 gthrough 

1 40 16 are provided in a face-to-face relationship with 

theotherside(backsideinFig.34)oftheopticalinfor- 

mation recording medium 1. The optical units 140-j 

140 3 , 140 5 , 140 7 , 140 10 , 140 12 , 140 14 and 140 16 are 

the type A. The optical units 140 2 , 140 4 , 140 6 , 140 8 , 

140 9 ,140 11t 140 13 and140 15 arethetypeB.Theslide- 
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feedmechanismofeachoftheopticatunitsisprovided 
such that the centerof the objective lens 1 23 of each 
opticalunitismovedalongalineextendingthroughthe 
centeroftheopticalinformattonrecordtngmediuml.ln 
order to effectively utilize the sixteen optica! units, an 
optical information recording medium 1 must be used 
which is not conta ined in a cartridgeand which allows 
recordingandreproductionofinformationonbothsides 
thereof. 

[0149] Inasystemincludingtheopticalinformation 
recording/reproducing apparatus and the optical infor- 
mation recording medium 1 according to the present 
embodiment, an extraordinary amount of information 
can be recorded in the optical information recording 
medium 1 , and such a system is suitable for applica- 
tionsinwhichanenormousamountofcontinuousinfor- 
mation is recorded. If a system used for such an 
application is unable to reproduce information during 
recording of such an enormous amount of continuous 
information, the system will be very much difficult to 
use. 

[01 50] Under such circumstances, for example, a 
plurality of pick-ups 111 may be provided in a single 
optical information recording/reproducing apparatus as 
shown in Figs. 30 through 34 to allow simultaneous 
record ingandreproductionofinformationusingasingle 
optical information recording medium 1 and to allow 
simultaneousrecordingandreproductionofinformation 
withthe plural ityof pick-ups 1 1 1,whichmakesitpossi- 
bleto improve the recording and reproducing perform- 
ance and, particularly, to configure a system which is 
easytouseeveninapplicationswhereinanenormous 
amount of continuous information is recorded. By pro- 
vidingapluralityofpick-upsl 1 linasingleopticalinfor- 
mation recording/reproducing apparatus, dramatic 
improvementofperformancecanbeachievedinretriev- 
ingadestreditemofinformationfromalargeamountof 
information compared toa case in which only a single 
pick-up 11 lisused. 

[01 51] A description will now be made with refer- 
encetoFigs.35through46onanexampleofaspecific 
structureofan optical information recording medium 1 
accordingtothepresentembodiment. 
[0152] Theopticalinformationrecordingmedium 1 
accordingtothepresentembodimenthasafirstinfor- 
mation layer (hologram layer) in which information is 
recorded utilizing holographyand a second information 
layer in which information for servo and address i nfor- 
mationarerecordedintheformofembossedpitsorthe 
like. It is necessary to form a region of interference 
between reference light for recording and information 
I ightto a certain size inthefirstinformationlayerwhile 
convergingthereferencetighttoaminimumdiameterin 
thesecondinformationlayer.Forthisreason.according 
tothepresentembodiment.agaphavingacertainsize 
isformed betweenthefi rstand second information! av- 
ers. This makes it possibletoform a region of interfer- 
ence between reference light for recording and 



information light with a sufficient size in the first layer 
whileconvergingthereferencelighttoaminimumdiam- 
eteron the second information layertoallowreproduc- 
tion of information recorded in the second information 
layer. Optical information recording media 1 according 
tothepresentembodimentcanbeclassifiedintoanair 
gaptypeandatransparentsubstrategaptypedepend- 
ingonthemethodforformingsuchagap. 

[01 53] Figs. 35 through 37 show an air gap type 
opticalinformationrecordingmedium1whereinFig.35 
isasectionalviewofonehalfoftheopticalinformation 
recordingmedium1;Fig.36isanexplodedperspective 
viewoftheonehalfoftheopticalinformationrecording 
medium 1 ;andFig.37isaperspectiveviewoftheone 
halfoftheopticalinformationrecordingmedium 1 .The 
opticaltnformationrecordingmedium1has:areflecting 
substrate 221 one surfaceof which isa reflecting sur- 
face;atransparentsubstrate222providedinaface-to- 
face relationship with the reflecting surface of the 
reflectingsubstrate221;anoutercircumferentialspacer 
223andaninnercircumferentialspacer224forspacing 
the reflecting substrate 221 and transparent substrate 
222 with a predetermined gap therebetween; and a 
hologramlayer225bondedtothesurfaceofthetrans- 
parentsubstrate222facingthereflectingsubstrate22 1 . 
Anairgaphavingapredeterminedthicknessisformed 
betweenthereflectingsurfaceofthereflectingsubstrate 
221 and the hologram layer 225. The hologram layer 
225 serves as the first information layer. Pre-grooves 
are formed on the reflecting surface of the reflecting 
substrate221,andthereflectingsurfaceservesasthe 
secondinformationlayer. 

[01 54] Figs.38through40showatransparentsub- 
strate type optical information recording medium 1 
wherein Fig. 38 is a sectional view of one half of the 
optical information recording medium 1 ; Fig. 39 is an 
explodedperspectiveviewoftheonehalfoftheoptical 
information recording medium 1 ; and Fig. 40 isa per- 
spective viewoftheonehalfoftheopticat information 
recording medium 1 . Theoptical information recording 
medium 1 isconfiguredbystackingatransparentsub- 
strate 231 , a hologram layer 232 to serve as the first 
informationlayerandatransparentsubstrate233inthe 
order listed. Pre-grooves are formed and a reflecting 
film 234 is provided on the surface of the transparent 
substrate23 1 opposite tothe hologram layer 232 . The 
surfaceofthetransparentsubstrate23 1 oppositetothe 
hologram layer 232 serves as the second information 
layer^gaphavingapredeterminedthicknessisformed 
by the transparent su bstrate 231 between the second 
informationlayerandthehoIogramlayer232.Thethick- 
ness of the transparent substrate 233 is smaller than 
thatofthetransparentsubstrate231. 
[0155] Optica! information recording media 1 
accordingtothepresentembodimentcanbeclassified 
intoasingle-sidedtypeandadouble-sidedtype. 
[0156] Figs. 41 through 43 show single-sided type 
opticalinformationrecordingmedia1whereinFig.41is 
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asectiona Iviewofa 1 . 2m mthicknessty peopticali nfor- 

mationrecordingmedium1;Fig.42isasectionalview 

ofa0.6rnmthicknesstypeopticalinformationrecording 

medium 1;andFig.43isaniilustrationofhowtoiilumi- 

nate a single-sided Optical information recording 

mediumlwithreferencelightforrecordingandinforma- 

tion light. The optical information recording media 1 

showninFigs.41and42haveastructureasshownin 

Fig.38.Thecombinedthicknessofthetransparentsub- 

strate 231 , hologram layer 232 and transparent sub- 

strate233oftheopticalinformationrecordingmedium1 

showninFig.41is1.2mm,andthecombinedthickness 

of the transparent substrate 231 , hologram layer 232 

andtransparentsubstrate233oftheopticalinformation 

recordingmedium1showninFig.42isO.6mm. 

[01 57] Reference light 241 for recording projected 
upontheopticalinformationrecordingmediumlbythe 
objectivelens123convergestoamintmumdiameteron 
the surface having pre-grooves formed thereon, and 
informationlight242projectedupontheopticalinforma- 
tionrecordingmedium1bytheobjectivelens123con- 
verges to a minimum diameter before the hologram 
layer 232. As a result, a region 243 of interference 
between the reference light 241 for recording and the 
information light 242 is formed in the hologram layer 
232. 

[01 58] WhileFigs.41 and42showopticalinforma- 
tionrecordingmedialbelongingtothetransparentsub- 
strate gap type and the single-sided type, an optical 
information recording medium 1 may be configured 
which belongstotheair-gaptypeandthe single-sided 
type. In such a case, the combined thickness of the 
transparentsubstrate222, hologram Iayer225andthe 
airgapmustbe1.2mmor0.6mm. 
[01 59] Figs.44through46showdouble-sidedtype 
opticalinformationrecordingmedia1whereinFig.44is 
a sectional view of a transparent substrate gap type 
optica linformationrecordingmedium1;Fig.45isasec- 
tionalviewofanairgaptypeopticalinformationrecord- 
ing medium 1 ; and Fig. 46 is an illustration of how to 
illuminate a double-sided optical information recording 
mediumlwithreferencelightforrecordingandinforma- 
tion light. The optical information recording medium 1 
shown in Fig. 44 hasa structure formed of two single- 
sided type optical information recording media as 
shown in Fig. 42 which are laminated to each other at 
the reflecting fi I ms234thereof. The optica I information 
recording medium 1 shown in Fig. 45 has a structure 
formed of two single-sided type optical information 
recording media as shown in Fig. 35 which are lami- 
nated to each other at the reflecting substrates 221 
thereof.Thecombinedthicknessofthetransparentsub- 
strate 222, hologram Iayer225 and theairgapof one 
side of the optical information recording medium 1 
showninFig.45isO.6mm. 

[0160] Reference light 241 for recording projected 

upontheopticalinformationrecordingmediumlbythe 

objectivelens123convergestoaminimumdiameteron 



the surface having pre-grooves formed thereon, and 
information! ight242projectedupontheopti<^linforma- 
tion recording medium 1 by theobjectivelens 123 con- 
verges to a minimum diameter before the hologram 
layers232and225.Asaresult,aregion243ofinterfer- 
encebetweenthereferencelight24 1 forrecordingand 
theinformationlight242isformedinthe hologram lay- 
ers232and225. 

[0161] The optical information recording/reproduc- 
ingapparatusofthepresentembodimentiscapableof 
recording and reproducing information using conven- 
tional optical disks. For example, when a single-sided 
type optical disk 251 is used which has pre-grooves 
formed on one side of a transparent substrate 252 
thereofandwhichisprovidedwithareflectingfilm253 
asshowninFig.47,lightprojectedupontheopticaldisk 
251 by the objective lens 123 is converged to a mini- 
mum diameter on the surface of the optical disk 251 
formed with pre-grooves, i.e., an information layer, as 
shown in Fig. 48. For example, the thickness of the 
transparentsubstrate252oftheopticaldisk251 shown 
inFig.47is1.2mm.Opticaldiskshavingastructureas 
showninFig.47includeCDs,CD-ROMs,CD-Rs(write 
oncetypeCDs)andMDs(mini-disks). 
[0162] Whenadouble-sidedtypeopticaldisk261is 
used which has a structure formed bytwotransparent 
substrates 262 formed with pre-grooves and provided 
withareflectingfilm263ononesidethereofwhichare 
laminated to each other at the reflecting films 263 as 
shown in Fig. 49, light projected upon the optical disk 
26 1 by the objective lens 1 23 is converged to a mini- 
mum diameter on the surface of the optical disk 261 
formed with pre-grooves, i.e. an information layer, as 
showninFig.50.Forexample,thethicknessofoneof 
the transparent substrates 262 of the optical disk 26 1 
showninFig.49is0.6mm.Opticaldiskshavingastruc- 
ture as shown in Fig. 50 include DVDs, DVD-ROMs, 
DVD-RAMs,MOs(magneto-opticaldisks). 
[01 63] The second information layerof the optical 
information recording medium 1 according to the 
presentembodimentmaybesimilarinconfigurationto 
information layers of conventional optical disks, for 
example, as shown in Figs. 47 and 49, including the 
contentsof information recorded therein. In this case, 
information recorded in the second information layer 
canbereproducedbyputtingthepick-up1 1 linaservo 
state.Sinceinformationforservoandaddressinforma- 
tion are recorded in the information layer of a conven- 
tionatapticaldisk.byconfiguringthesecondinformation 
layersimilarlytotheinformationiayerofaconventional 
opticaldisk.tnformationforservoandaddressinforma- 
tion recorded in thei nformation layerof a conventional 
opticaldiskcanbeused.asitis.topositioninformation 
light.referencelightforrecordingandreferencelightfor 
reproduction in the hologram layer for performing 
recording and reproduction. The second information 
layer serves a wide range of applications, e.g., high 
speedretrievalcanbeperformedbyrecordingdirectory 
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information, directorymanagementinformationandthe 
likeforinformationrecordedinthefirstinformationlayer 
(hologram layer) in the second information layer (infor- 
mationlayerofaconventionalopticaldisk). 

[01 64] Priortoadescriptionoftheoperationofthe 
optical information recording/reproducing apparatus 
accordingtothepresentembodiment,adescriptionwill 
now be made on a principle behind phase-encoding 
multiplexing with reference to Fig. 51 and Figs. 52A 
through 52C. Fig. 51 is a perspective view showing a 
schematicconfigurationofa common recording/repro- 
ducing system for performing phase-encoding multi- 
plexing. The recording/reproducing system has: a 
spatial tight modulator 301 for generating information 
Iight302basedontwo-dimensionaldigitalpatterninfor- 
mation; a lens 303 for collecting the information light 
302fromthespatiallightmodulator301toil!uminatea 
hologram recording medium 300 with the same; a 
phase-spatial light modulator304 for generating refer- 
ence light 305 having a spatially modulated phase to 
illuminatethehologramrecordingmedium300withthe 
referencelight305inadirectionsubstantiallyorthogo- 
nal to the information light 302; a CCD array 308 for 
detecting reproduced two-dimensional digital pattern 
information; and a lens 307 forcollecting reproduction 
light 306 emitted by the hologram recording medium 
300 and for projecting the same upon the CCD array 
308. 

[0165] During recording, the recording/reproducing 
system shown in Fig. 5 1 digitizes information such as 
anoriginalimagetoberecordedandrearrangesresult- 
ant signals having a value of 0 or 1 on a two-dimen- 
sionalbasistogeneratetwo-dimensionaldigitalpattern 
information (hereinafterreferredtoas M pagedata"). Let 
us assume here that page data #1 through #n are 
recordedinthesamehologramrecordingmedium300 
on a multiplex basis. Further, different items of two- 
dimensionaldigitalpatterninformation#1through#nfor 
phase modulation (hereinafter referred to as "phase 
data") are generated for the respective page data #1 
through #n. First, when the page data#1 is recorded, 
thespatialfightmodulator301generatesspatiallymod- 
ulatedinformationlight302basedonthepagedata#1 
to illuminate the hologram recording medium 300 
throughthelens303.Simultaneously,thephase-spatial 
Iightmodulator304generatesreferencelight305hav- 
ing a spatially modulated phase based on the phase 
data #1 to illuminate the hologram recording medium 
300. As a result, interference fringes resulting from 
overlapbetweentheinformationlight302andtherefer- 
ence light 305 a re recorded inthe hologram recording 
medium 300. Similarly, to record the page data #2 
through #n, the spatial light modulator 301 generates 
spatially modulated information light 302 based on the 
pagedata#2through#n;thephase-spatiallightmodu- 
Iator304 generates reference light 305 having a spa- 
tially modulated phase based on the phase data #2 
through#n;andthehologramrecordingmedium300is 



illuminatedwiththeinformationlight302andtherefer- 
encelight305.Thus,apluralityofpiecesofinformation 
are recorded in the same location of the hologram 
recording medium 300 on a multiplex basis. Such a 
hologramhavinginformationrecordedthereinonamul- 
tiplex basis is referred to as "stack". In the example 
shown in Fig. 5 1 , the hologram recording medium 300 
has a plurality of stacks (stack 1,stack2,...,stackm, 
...). 

[01 66] Arbitrarypagedatacanbereproducedfrom 
astackbyilluminatingthestackwiththereferencelight 
305havingaphasewhichhasbeenspatiallymodu!ated 
basedonthesamephasedataasusedfortherecord- 
ingofthepagedata.Asaresult,thereferencelight305 
is selectively diffracted by interference fringes associ- 
ated with the phase data and page data to produce 
reproduction light 306. The reproduction light 306 
impingesupontheCCDarray308throughthelens307, 
andtheCCDarray308detectsatwo-dimensionalpat- 
ternofthe reproduction light. Thedetectedtwo-dimen- 
sional pattern of the reproduction light is decoded 
converselytotheprocessforrecord i ng ,sothatthei nfor- 
mattonsuchasanoriginalimageisreproduced. 
[01 67] Figs. 52A through 52C show how interfer- 
ence fringes are formed in the hologram recording 
medium 300 as a result of interference between infor- 
mation light 302 and reference light 305. Fig. 52A 
shows how interference fringes 309 ^ are formed as a 
result of interference between information light 302 ^ 
based on the page data #1 and reference light 305 
based onthephasedata#1. Similarly, Fig. 52Bshows 
howinterferencefringes309 2 arefbrmedasaresultof 
interference between information light 302 2 based on 
thepagedata#2andreferencelight305 2 basedonthe 
phasedata#2.Fig.52Cshowshowinterferencefringes 
309 3 are formed as a result of interference between 
information lig ht 302 3 based on the page data #3 and 
referencelight305 3 basedonthephasedata#3. 
[0168] Servo, recording and reproducing opera- 
tions of the optical information recording/reproducing 
apparatus according to the present embodiment will 
nowbeseparatelydescribedinthatorder. 
[01 69] Aservooperationwillnowbedescribedwith 
referencetoFigs.53and54.Fig.53isanillustrationof 
astateofthepick-up1 1 Iduringaservooperation.Dur- 
ingaservooperation.all.pixelsofthespatiallightmod- 
ulator 1 25 are in a blocking state. The phase-spatial 
light modulator 117 is set such that light passing 
through all pixels have thesame phase. Theoutput of 
theemissionoflightfromthelightsourcedevicel 1 2is 
setata low outputfor reproduction. The controller 90 
predicts the timing at which light that has exited the 
objective lens 1 23 passes through the address servo 
areas 6 based on a basic clock reproduced from a 
reproduction signal RF and maintains the above- 
describedsettingwhilethelightfromtheobjectivelens 
1 23passesthroughtheaddressservoareas6. 
[0170] Lightemittedbythelightsourcedevicel 12 



26 



51 



EP1065658A1 



52 



iscollimatedbythecollimatorlensl 1 3toimpingeupon 
thepotarizationbeamsplitterl 1 6afterpassingthrough 
the ND filter 114 and rotating optical element 115 
sequentially. S-polarized components in the light inci- 
dent upon the polarization beam splitter 116 are 
reflected by thepolarizationbeamsplittersurface 1 1 6a 
and are blocked by the spatial light modulator 1 25. P- 
polartzed components in the light incident upon the 
polarization beam splitter 116 are transmitted by the 
polarization beam splitter surface 116a and passes 
through the phase-spatial light modulator 117 to 
impingeuponthebeamsplitter118.Apartofthelight 
incident upon the beam splitter 1 1 8 is reflected by the 
beam splitter surface 1 18a and passes through the 
polarizationbeamsplitter120toimpingeuponthedou- 
ble optically rotating plate 121 . Light that has passed 
through the optically rotating plate 1 2 1 R of the double 
optically rotating plate 121 becomes B-polarized light, 
andlightthathaspassedthroughtheopticallyrotating 
platel 21 LbecomesA-polarizedlight.Thelightthathas 
passedthroughthedoubleopticallyrotatingplate121is 
reflected by the raising mirror 122, collected by the 
objectivelens 1 23andprojectedupontheopticalinfor- 
mation record ingmediumlsothatitconvergesonthe 
pre-groovesoftheopticalinformationrecordingmedium 
1 located furtherthan the hologram layer. This light is 
reflectedonthepre-groovesand.atthattime.itismod- 
ulated by pits formed on the pre-grooves and then 
returnstotheobjectivelensl 23.Theraisingmirror1 22 
isomittedinFig.53. 

[0171] The return lightfrom the optical information 
recording medium 1 is colli mated by theobjective lens 
123 and passes through the double optically rotating 
platel 2 ItobecomeS-polarizedlight.Thereturnlightis 
reflectedbythepolarizationbeamsplittersurface120a 
of the polarization beam splitter 1 20 to impinge upon 
the beam splitter 1 27. Apartof the light is transmitted 
bythebeamsplittersurface 1 27a and passes through 
the convex lens 1 29 and cylindrical lens 1 30 sequen- 
tially to be detected by the quadruple photodetector 
1 31. Based ontheoutputofthequadruplephotodetec- 
torl 31 f thedetectioncircuit85generatesafocuserror 
signalFE.trackingerrorstgnafTEandreproductionsig- 
nalRFbasedonwhichfocusservoandtrackingservo 
are performed; the basic clock is generated; and 
addressesaredetermined. 

[0172] A part of the light incident upon the beam 
splitter! 18impingesuponthephotodetector1 19,anda 
signalAPC ref isgeneratedbytheAPCcircuit146based 
onasignaloutputbythephotodetectoii 1 9 APCisper- 
formedbasedonthesignalAPC ref suchthattheopttcal 
information recording medium 1 is illuminated with a 
constantquantityofiight.Specifically,thedrivingcircuit 
1 48 drives the motor 1 42 to adjustthe rotating optical 
elementl 1 5suchthatthesignalAPC re fequalsaprede- 
termined value. Alternatively, during the servo opera- 
tion, APC may be performed by setting the rotating 
opticalelementl 1 5andadjustingtheoutputofthelight 



source device 112 such that light which has passed 
through the rotating optical element 115 has P-polar- 
izedcomponentsonly.Whenthelight-receivingportion 
of the photodetector 1 1 9 is divided into a plurality of 
regions and the phase-spatial light modulator 1 1 7 is 
capable of adjusting the quantity of light transmitted 
thereby.thequantityoflighttransmittedbyeachpixelof 
thephase-spatiallightmodulatoM 1 7 may be adjusted 
based onasignaloutputbyeachofthe light-receiving 
portionsofthephotodetectorl 1 9toadjustthelightpro- 
jectedupontheopticalinformationrecordingmediuml 
soastoachieveauniformintensitydistribution. 

[01 73] I n the above-described setting for a servo 

operation,theconfigurationofthepick-up1 1 lissimilar 

totheconfigurationofapick-upforrecordingandrepro- 

ductiononanormalopticaldisk.Therefore.theoptical 

informationrecording/reproducingapparatusaccording 

tothepresentembodimentiscapableof record ingand 

reproducingbyusinganormalopticaldisk. 

[0174] Fig.54isanillustrationofastateoflightin 

thevicinityofanopticaldiskinthecaseofrecordingand 

reproductionusinganormalopticaldiskwiththeoptical 

informationrecordtng/reproducingapparatusaccording 

tothepresentembodiment.Adouble-sidedtypeoptical 

disk261 is illustrated here as an exampleof a normal 

opticaldisk.lntheopticaldisk261,pre-grooves265are 

formed on the sides of transparent substrates 262 

where reflecting films 263 a re provided, and lightfrom 

theobjectivetensl 23isprojectedupontheopticaldisk . 

26 1 suchthatitconvergesonthepre-grooves265and 

is returned tothe objective lens 123 after being mod u- 

latedbypitsformedonthepre-grooves265. 

[0175] Arecordingoperationwillnowbedescribed 

withreferencetoFigs.55through57.Fig.55isanillus- 

tration of a state of the pick-up 111 during recording, 

andeachofFigs.56and57isanil!ustrationofastate 

oflightinthevicinityoftheopticalinformationrecording 

medium 1 during recording. The following description 

wiltrefertotheuseofanairgaptypeopticalinformation 

recording medium 1 asanexample.asshowninFig. 

56. 

[0176] Duringrecording.thespatiallightmodulator 
125generatesinformationlightbyselectingatransmit- 
ting state (hereinafter also referred to as "on") or a 
blocking state (hereinafter also referred to as "off') for 
eachpixeldependingontheinformationtoberecorded 
to modulate the light that is passing through it. The 
phase-spatial lightmodulator117generates reference 
light for recording having a spatially modulated optical 
phase by selectively applying a phase difference of 0 
(rad)or n (rad) from a predetermined reference phase 
toeach pixelaccord ing toa predetermined modulation 
pattern to modulate the phase of light passing there- 
through. 

[0177] According to the present embodiment, as 
alreadydescribed.whenmultiplexrecordingofinforma- 
tioniscarriedoutonadataarea7usingphase-encod- 
ingmultiplexing.thecenteroftheobjectivelens 1 23is 
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movedusingin-fieldaccesssuchthatthecenterofthe 
objective lens 123 reciprocates within asection includ- 
ing the data area 7 and a part of the address servo 
areas 6 on both sides thereof. When thecenterof the 
objective lens 1 23 has come to a predetermined posi- 
tion in the data area 7, the output of the light source 
device 1 12isselectivelysetatahighoutputforrecord- 
ing. 

[0178] Lightemittedbythelightsourcedevicel 12 
iscollimatedbythecollimator1ens113toimpingeupon 
thepolarizationbeamsplitterl 1 6afterpassingthrough 
the ND filter 114 and rotating optical element 115 
sequentially. P-polarized components in the light inci- 
dentuponthepolarizatton beamsplitter 116aretrans- 
mittedbythepolarizationbeamsplittersurfacel 1 6ato 
passthroughthephase-spatiallightmodulatorl 1 7and, 
atthattime.thephaseofthelightisspatiallymodulated 
to provide reference light for recording. The reference 
lightforrecordingimpingesuponthebeamsplitterl 1 8. 
Apartofthereferencelightforrecordingincidentupon 
the beam splitter 1 1 8 is reflected by the beam splitter 
surfacel 1 8aandpassesthroughthepolarizationbeam 
splitterl 20toimpingeuponthedoubleopticallyrotating 
plate121.Referencelightforrecordingthathaspassed 
throughtheopticallyrotatingplate 121 Rofthedouble 
optically rotating plate 121 becomes B-polarized light, 
and reference light for recording that has passed 
through the optically rotating plate 121 L becomes A- 
polarizedlightThereferencelightforrecordingthathas 
passedthroughthedoubleopticallyrotatingplatel 21 is 
reflected by the raising mirror 122, collected by the 
objectivelens 1 23and projected upontheoptical infor- 
mationrecordingmediumlsothatitconvergesbeyond 
thehologramlayer225oftheopticatinformationrecord- 
ing medium 1 .Theraisingmirrorl 22isomitted in Fig. 
55. 

[01 79] S-polarizedcomponentsinthelightincident 
uponthepolarizationbeamsplitterl 1 6arereflectedby 
the polarization beam splitter surface 1 16a to pass 
throughthespatiaIlightmodulator125and,atthattime, 
thelightisspatiallymodulatedaccordingtotheinforma- 
tion to be recorded to provide information light. The 
informationlightimpingesuponthebeamsplitter127.A 
part of the information light incident upon the beam 
splitter 127 is reflected by the beam splitter surface 
127aandisreflectedbythebeamsplittersurface120a 
of the polarization beam splitter 1 20 to impinge upon 
thedoubleopticallyrotatingplate121 . Informationlight 
that has passed through the optically rotating plate 
121 Rofthedoubleopticallyrotatingplatel 2 1 becomes 
A-polarized light, andinformationlightthathaspassed 
through the optically rotating plate 1 21 L becomes B- 
polarized light. The information light that has passed 
through the double optically rotating plate 121 is 
reflected by the raising mirror 122, collected by the 
objectivelens 1 23and projected upontheoptical infor- 
mation recording medium 1 so thatittemporarily con- 
verges before the hologram layer 225 of the optical 



information recording medium 1 and than dtvergingly 
passesthroughthehologramlayer225. 

[0180] As a result, a region 313 of interference 
between reference I ight31 1 forrecording and informa- 
tion light 31 2 is formed in the hologram layer 225, as 
shown in Fig. 56. The interference region 31 3 is in the 
form of a barrel. As shown in Fig. 55, the converging 
position of the information light can be adjusted by 
adjustingtheposition31 Ooftheconvexlensl 26,which 
makes itpossibletoadjustthesizeof the interference 
region313. 

[0181] !nthehologramlayer225,asshowninFig. 
57, interference occurs between A-polarized reference 
light 31 1 A for recording that has passed through the 
opticaflyrotatingplatel 21 Lofthedoubleopticallyrotat- 
ing plate 121 and A-polarized information light 312A 
that has passed through the optically rotating plate 
121 R of the double optically rotating plate 121; and 
i nterferenceoccursbetweenB-pola rized reference! ig ht 
311 Bforrecordingthathaspassedthroughtheoptically 
rotatingplate121Rofthedoubleopticallyrotatingplate 
121 and B-polarized information light 31 2B that has 
passed throughtheopticallyrotating plate 1 21 Lof the 
double optically rotating plate 121 , resultant interfer- 
encepatternsbeingvolumetricallyrecordedintheholo- 
gramlayer225. 

[01 82] By changing the modulation pattern forthe 
phaseofthereferencelightforrecordingforeachitem 
of information to be recorded, a plurality of pieces of 
informationcanberecordedinthesamelocationofthe 
hologramlayer225onamultiplexbasis. 
[0183] Asshown in Fig. 55, a partof the reference 
light for recording incident upon the beam splitter 118 
impinges upon the photodetector 119, and a signal 
APC ref isgeneratedbytheAPCcircuit146basedona 
signal output by the photodetector 1 19. A part of the 
information light incident upon the beam splitter 127 
impinges upon the photodetector 128, and a signal 
APC ob jisgeneratedbytheAPCcircuit147basedona 
signal output by the photodetector 1 28. Based on the 
signalsAPC ref andAPC ob j,APCisperformedsuchthat 
theratiobetweentheintensityofthereferencelightfor 
recordingandtheinformationlightilluminatingtheopti- 
calinformationrecordingmediumlissetatanoptimum 
value. Specifically, thedrivingcircuit148comparesthe 
signalsAPC ref andAPC ob janddrivesthemotor142to 
adjusttherotatingopticalelementl 1 5suchthatthesig- 
nalsareinadesiredratio.Whenthelight-receivingpor- 
tionofthephotodetectorl 1 9isdividedintoapluralityof 
regions and the phase-spatial light modulator 1 1 7 is 
capable of adjusting the quantity of light transmitted 
thereby,thequantityoflighttransmittedbyeachpixelof 
thephase-spatiallightmodulatorl 1 7maybeadjusted 
basedonasignaloutputbyeachofthe light-receiving 
portionsofthephotodetectorl 1 9toadjustthelightpro- 
jectedupontheopticalinformationrecordingmediuml 
so as to achieve a uniform intensity distribution. Simi- 
larly.whenthelight-receivingportionofthephotodetec- 



28 



55 



EP1065658A1 



56 



tor 128 is divided into a plurality of regions and the 
spatial lightmodulator 1 25isalsocapableof adjusting 
thequantityof lighttransmitted thereby, thequantityof 
lighttransmittedbyeachpixelofthespatiallightmodu- 
lator125maybeadjustedbasedonasignaloutputby 
eachofthelight-receivingportionsofthephotodetector 
128 to adjustthe light projected upon the optical infor- 
mationrecordingmediumlsoastoachieveauniform 
intensitydistribution. 

[0184] Accordingtothepresentembodiment,APC 
is carried out based on the sum of the signals APC re f 
andAPC ob j suchthatthetotalintensityofthereference 
lightforrecordingandtheinformationlightbecomesan 
optimum value. Methods for controlling the total inten- 
sityofthereferencelightforrecordingandtheinforma- 
tionlightincludecontroloverapeakvalueoftheoutput 
ofthelightsourcedevicel 1 2andcontroloveranemis- 
sionpulsewidthandaprofileoftheintensityof emitted 
light over time when light is emitted in the form of 
pulses. 

[01 85] Afixingoperationwillnowbedescribedwith 
referencetoFigs.58and59.Fig.58isanillustrationof 
astateofthepick-up1 1 1duringafixingoperation,and 
Fig.59isanillustrationofastateoflightinthevicinityof 
the optical information recording medium 1 during fix- 
ing. During a fixing operation, all pixels of the spatial 
lightmodulatorl 25areinablockingstate.Thephase- 
spatiallightmodulatorl 1 7issetsuchthatlightpassing 
throughallpixelsthereofhavethesamephase.Noiight 
is emitted bythe lightsourcedevice 1 1 2, and S-polar- 
izedultravioletlightforfixingisemittedbythefixinglight 
sourcedevice135. 

[01 86] Lightemittedbythefixinglightsourcedevice 
135iscollimatedbythecollimatorlens134toimpinge 
uponthepolarizationbeamsplitterl 1 6,reflectedbythe 
polarization beam splitter surface 116a and passes 
through the phase-spatial light modulator 117 to 
impinge upon the beam splitter11 8. Apartofthelight 
incident upon the beam splitter 1 1 8 is reflected bythe 
beamsplittersurfacel 18atoimpingeuponthedouble 
optically rotating plate 121 through the polarization 
beam splitter 120. Light that has passed through the 
optically rotating plate 121R of the double optically 
rotating plate 1 21 becomes B-polarized light, and light 
thathaspassedthroughtheopticallyrotatingplatel 21 L 
becomes A-polarized light. The light that has passed 
through the double optically rotating plate 121 is 
reflected by the raising mirror 122, collected by the 
objectivelens123andprojectedupontheopticalinfor- 
mationrecordingmediumlsothatitconvergesonthe 
pre-groovesoftheopticalinformationrecordingmedium 
1locatedfurtherthanthehologramlayer225.Thislight 

fixestheinterferencepatternformedintheinterference 
region313inthehologramlayer225.Theraisingmirror 
1 22isomittedinFig.58. 

[01 87] The positioning (servo) of fixing light on an 
optical information recording medium 1 can be per- 
formedsimilarlytothepositioningofreferencelightfor 



recordingandinformationlightduringrecording. 

[01 88] A part of the light incident upon the beam 
splitteri18impingesuponthephotodetector1 19,anda 
signalAPC re fisgeneratedbytheAPCcircuit146based 
onasignaloutputbythephotodetector119.Basedon 
thesignalAPC ref ^PCisperformedsuchthatthequan- 
tity of fixing light illuminating the optical information 
record ingmediumlisconstant.Specifica I ly.theoutput 
of the fixing light source device 1 35 is adjusted such 
that the signal APC ref equals a predetermined value. 
Alternatively, when the light-receiving portion of the 
photodetector 1 19 is divided into a plurality of regions 
andthephase-spatiallightmodulatorl 17iscapableof 
adjusting the quantity of light transmitted thereby, the 
fixinglightilluminatingtheopticalinformationrecording 
medium 1 maybeadjustedtoachieveauniforminten- 
sityoflightbyadjustingthequantityoflighttransmitted 
byeachofthepixelsofthephase-spatiallightmodulator 
1 1 7basedonasignaloutputbyeachofthelight-receiv- 
ingportionsofthephotodetectorl 1 9. 
[0189] A reproducing operation will now be 
describedwithreferencetoFigs.60through62.Fig.60 
is an illustration of a state of the pick-up 111 during 
reproduction,arideachofFigs.61and62isanillustra- 
tionofastateoflightinthevicinityofanopticalinforma- 
tionrecordingmediumlduringreproduction. 
[01 90] During reproduction, all pixelsofthespatial 
lightmodulatorl 25areinablockingstate.Thephase- 
spatiallightmodulatorl 1 7generatesreferencelightfor 
reproductionhavingaspatiallymodulatedopticalphase 
byselectivelyapplyingaphasedifferenceofO(rad)or k 
(rad) from a predetermined reference phase to each 
pixel according to a predetermined mod ulation pattern 
to modulate the phase of light passing therethrough. 
According to the present embodiment, a modulation 
patternforthephaseofreferencelightforreproduction 
isapatternwhichisinapotntsymmetricalrelationship 
withamodulationpatternofthephaseofreferencelight 
forrecordingatthetimeof recording ofthe information 
to be reproduced a boutthecenterof the phase-spatial 
lightmodulatorl 1 7. 

[0191] Lightemittedbythelightsourcedevicel 12 
iscollimatedbythecollimatortensl 1 3toimpingeupon 
thepolarizationbeamsplitterl 1 6afterpassingthrough 
the N D filter 114 and the rotating optical element 115 
sequentially. S-polarized components in the light inci- 
dent upon the polarization beam splitter 116 are 
reflectedbythepolarization beamsplittersurfacel 16a 
and are blocked by the spatial light modulator 1 25. P- 
polarized components in the light incident upon the 
polarization beam splitter 1 16 are transmitted by the 
polahzationbeamsplittersurface116atopassthrough 
thephase-spatial lightmodulatorl 1 7and,atthattime, 
thephaseofthelightisspatiallymodulatedto provide 
reference I ightfor reproduction. The reference light for 
reproduction impinges upon the beam splitter 1 18. A 
partofthereferencelightforreproductionincidentupon 
the beam splitter 1 1 8 is reflected bythe beam splitter 
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surface118aandpassesthroughthepolarizationbeam 
splitter120toimpingeuponthedoubleopticallyrotating 
plate 121. Reference light for reproduction that has 
passed throughtheoptically rotating plate 1 21 Rofthe 
doubleopticallyrotatingplatel 2 1 becomesB-polarized 
light, and reference light for reproduction that has 
passed through the optically rotating plate 121L 
becom esA-pola rizedl ig ht.Thereferencel ig htforrepro- 
duction that has passed through the double optically 
rotati ng plate 1 21 isreflectedbythe raising mirror 122, 
col lectedbythe objective lens 1 23and projected upon 
the optical information recording medium 1 so that it 
convergesbeyondthehologramlayer225oftheoptical 
informattonrecordingmedium1.Theraisingmirror122 
isomittedinFig.60. 

[0192] The positioning (servo)of reference lightfor 
reproduction on an optical information recording 
medium 1 canbeperformedsimilarlytothepositioning 
ofreferencelightforrecordingandinformationlightdur- 
ingrecording. 

[0193] As shown in Fig. 62, B-polarized reference 
light315Bforreproductionthathaspassedthroughthe 
optically rotating plate 12 1R of the double optically 
rotating plate 121 passes through the hologram layer 
225,andisreflectedbythereflectingsurfacelocatedat 
a converging position on the further side of the holo- 
gramlayer225,andthenpassesthroughthehologram 
layer225againAtthistime,thereferencefight315Bfor 
reproduction reflected by the reflecting surface passes 
throughthe location inthe interference region313that 
wasilluminatedwiththereferencelight31 lAforrecord- 
ingduringrecording.andhasthesamemodulationpat- 
tern as that of the reference light 31 1 A for recording. 
Therefore, the reference light 31 5B for reproduction 
resultsintheemissionofreproduction!ight316Basso- 
ciated with the information light 312A at the time of 
record ing from the i nterfe rence reg ion 3 1 3. The repro- 
duction! ight316Btravelstowardtheobjectivelens 123. 
[0194] Similarly, A-polarized reference light 31 5A 
for reproduction that has passed through the optically 
rotating plate 1 21 Lofthedoubleopticallyrotatingplate 
121 passes through the hologram layer 225, and is 
reflected by the reflecting surface located at the con- 
verging position on the further side of the hologram 
layer225,andthenpassesthroughthehologramlayer 
225 again. At this time, the reference light 31 5A for 
reprod uction reflected by the reflecti ng su rface passes 
throughthe location in the interfere nee region 3 1 3that 
wasilluminatedwiththereferencelight31 1 Bforrecord- 
ingduringrecording.andhasthesamemodulationpat- 
tern as that of the reference light 3 1 1 B for recording. 
Therefore, the reference light 31 5A for reproduction 
resultsintheemissionofreproductionlight316Aasso- 
ciated with the information light 31 2B at the time of 
recording from the interference region 31 3. The repro- 
duction! ight31 6Atravelstowardtheobjectivelens1 23. 
[0195] Afterpassingthroughtheobjectivelens123, 
theB-polarizedreproductionlight316Bpassesth rough 



theopticallyrotating plate 1 21 Rofthedoubleoptically 
rotating plate 121 to become P-polarized light. After 
passingthroughtheobjectivelens123 t theA-polarized 
reproduction light 31 6A passes through the optically 
rotatingplate121Lofthedoubleopticallyrotatingplate 
121tobecomeP-polarizedlight.Thereproductionlight 
that has passed through the double optically rotating 
plate121 impingesuponthepolarizationbeamsplitter 
120andistransmittedbythe polarization beam splitter 
surface 120a to impinge upon the beam splitter 11 8. A 
part of the reproduction light incident upon the beam 
splitter 118 tstransmitted by the beam splitter surface 
118a and passes through the imaging lens 132 to 
impingeupontheCCDarray 1 33. As shownin Fig. 60 
thestateofimagingofthereproductionlightontheCCD 
array 1 33 can be adjusted by adjusting the position of 
theimaginglens132. 

[0196] A pattern originating from an on/off opera- 
tionofthespatiallightmodulator125duringrecordingis 
formedontheCCDarray133,andinformationisrepro- 
duced by detecting this pattern. When a plurality of 
piecesofinformationarerecordedinthehologramlayer 
225onamultiplexbasisbyvaryingthemodulationpat- 
tern for reference lightfor recording, only information 
associated with reference lightfor recording having a 
modulation pattern in a point symmetrical relationship 
with the modulation pattern of the reference light for 
reproduction is reproduced among the plurality of 
piecesofinformation. 

[0197] Apartofthereferencelightforreproduction 
incidentUponthebeamsplitter118impingesuponthe 
photodetectorl 1 9,andasignalAPC ref isgeneratedby 
theAPCcircuit146basedonasignatoutputbythepho- 
todetectorl 19.BasedonthesignalAPC re f ,APCisper- 
formed such that the optical information recording 
mediumlisilluminatedwithaconstantquantityoflight. 
SpecificaHy,thedrivingcircuit148drivesthemotor142 
toadj ustthe rotating optical elementl 1 Ssuchthatthe 
signal APC ref equals a predetermined value. Alterna- 
tively, during reproduction, APC may be performed by 
setting the rotating optical element 115 and adjusting 
theoutputofthelightsourcedevicel 12suchthatlight 
which has passed through the rotating optical element 
1 1 5 has P-polarized com ponents only. When the light- 
receivingportionofthephotodetectorl 1 9isdividedinto 
apluralityofregionsandthephase-spatiallightmodula- 
torl 1 7iscapableofadjustingthequantityoflighttrans- 
mittedthereby,thequantityoflighttransmittedbyeach 
pixel of the phase-spatial light modulator 117 may be 
adjusted based onasignaloutputbyeachofthelight- 
receivingportionsofthephotodetectorl 1 9toadjustthe 
light projected upon the optical information recording 
medium 1 soastoachievea uniform intensity distribu- 
tion. 

[0198] The present embodiment may employ: a 
lightsourcedevicel 1 2capableofemittinglaserlightin 
three colors R, G and B; a CCD array 1 33 capable of 
detectinglightinthreecolorsR,GandB;andanoptical 
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informationrecording medium 1 havingthreehologram 
layers whose optical characteristics are changed by 
ontylightinrespectivecolorsR.GandB. I nthiscase.it 
is possible to record three kinds of information in the 
same location of the optical information recording 
mediumlusingthesamemodulationpatternfortheref- 
erence light for recording, which allows multiplex 
recordingofagreateramountofinformation.Forexa tri- 
ple, recording media having three hologram layers as 
described above include HRF-700X059-20 (product 
name)manufacturedbyDuPont. 
[0199] When multiplex recording of information is 
performed using light in three colors R, G and B as 
described above, information is recorded in each of R, 
G and B colors on a time division basis in the same 
locationofanopticalinformationrecordingmediuml.ln 
doingso,whilethe modulation patternforthe informa- 
tion light is varied for each of R, G and B colors, the 
modulationpatternforthereferencelightforrecordingis 
keptunchanged.Wheneachpixelofinformationlightin 
each color carries binary information, i.e., when each 
pixel is rendered brightordark, multiplex recording of 
informattonusinglightinthreecolorsR.GandBmakes 
it possible to record octal (= 2 3 ) information for each 
pixel, for example, R being the MSB (most significant 
bit), B being the LSB (least significant bit). When the 
spatial light modulator 125 is capable of adjusting the 
quantity of light transmitted thereby in three or more 
steps and each pixel of information light in each color 
carriesinformationhavingn(nisanintegerequaltoor 
greaterthan3)tones,multiplexrecordingofinformation 
usinglightinthreecolorsR.GandBmakesitpossible 
torecordinformationhavingn^aluesforeachpixel. 
[0200] Various methods are possible as described 
belowforreproductionofinformationwhentheinforma- 
tionisrecordedonamultiplexbasisusinglightinthree 
colors R, Gand B. Specifica My, ifthereferencelightfor 
reproduction is light in any one of R, G and B colors, 
onlyinformation recorded usinglightinthesamecoior 
asthereferencelightforreproductiontsreproduced.lf 
thereferencelightforreproductionislightinanytwoof 
R, G and B colors, only two kinds of information 
recordedusinglightinthesametwocolorsastherefer- 
ence light for reproduction are reproduced. The two 
kinds of information are separated by the CCD array 
133intoinformationineach color, tfthereferencelight 
forreproductionislightinthreecolorsR,GandB,three 
kinds of information recorded using light in the three 
colorsareallreproduced.Thethreekindsofinformation 
areseparatedbytheCCDarray133intoinformationin 
each color. When the optica! information recording 
medium1hasalayerforeachofR,GandBcolors,mul- 
tiplex record ing is performed in the layer in each color 
using phase-encoding multiplexing. This is advanta- 
geous in that it is possible to obtain a reproduction 
imagehavingapatternineachofthecolorsR.GandB 
foreachofphasemodulationpatternsforthereference 
light. 



[0201 ] A description will now be made with refer- 
ence to Figs. 63 and 64 on a direct read after write 
(hereinafter represented by "DRAW") function and a 
write powercontrol(hereinafterrepresentedby"WPC") 
functionformultiplexrecordingoftheopticalinformation 
recording/reproducing apparatus according to the 
presentembodiment. 

[0202] First, the DRAW function will be described. 
The DRAW function is a function of reproducing 
recorded information immediatelyafterthe information 
is recorded. This function makes it possible to verify 
recorded information immediately afterthe information 
isrecorded. 

[0203] A principle behind the DRAW function 
according to the present embodiment will now be 
described withreferencetoFigs. 55a nd57. First, when 
theDRAWfunctionisusedinthepresentembodiment, 
a modulation patternforreferencelightforrecording is 
used which is in a point symmetrical relationship with 
thecenterofthephase-spatiallightmodulatoii 1 7.Dur- 
ing recording, in the hologram layer 225, interference 
occursbetweentheA-polarizedreferencelight31 1 Afor 
recordingthathaspassedthroughtheopticallyrotating 
platel 21 Lofthedoubleopticallyrotatingplatel 2 land 
the A-polarized information Iight3 1 2Athat has passed 
throughthe optically rotating plate 121 Rofthe double 
optically rotating plate 121, and interference occurs 
between the B-polarized reference light 31 1B for 
recordingthathaspassedthroughtheopticallyrotating 
platel 21 Rofthedoubleopticallyrotatingplatel 21and 
theB-polarizedinformationlight312Bthathaspassed 
through the optically rotati ng plate 1 2 1 Lof the dou ble 
optically rotating plate 121 , resultant interference pat- 
terns being vol u metrically recorded in the hologram 
Iayer225. 

[0204] Thus,whenrecordingofaninterferencepat- 
tern in the hologram layer 225 begins, A-polarized 
reproductionlightisgeneratedatthelocationwherethe 
interference pattern is recorded by the reference light 
311 Bforrecordingduetolightresultingfromthereflec- 
tionoftheA-polarizedreferencelight31 1 Aforrecording 
thathaspassedthroughtheopticallyrotatingplatel 21 L 
ofthedoubleopticallyrotatingplate121atlhereflecting 
surfacelocatedintheconvergingposittononthefurther 
side of the hologram Iayer225. This reproduction light 
travels toward the objective lens 123, passes through 
the objective lens 1 23, and thereafter passes through 
theopticallyrotatingplate121Lofthedoubleoptically 
rotatingplate121tobecomeP-polarizedlightSimilarly, 
B-polarized reproduction lightisgeneratedatthe loca- 
tion where the interference pattern is recorded by the 
referencelight311Aforrecordingduetolightresulttng 
from the reflection of the B-polarized reference light 
31 1 Bforrecordingthathaspassedthroughtheoptically 
rotatingplate121Rofthedoubleopticallyrotatingplate 
1 21 at the reflecting surface located in theconverging 
positiononthefurthersideof the hologram Iayer225. 
This reproduction I ighttravelstowardtheobjective lens 
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1 23, passesthroughtheobjectivelens 1 23,andthere- 
afterpassesthroughtheopticallyrotatingplatel 21 Rof 
the double optically rotating plate 121 to become P- 
polarized light. The reproduction light that has passed 
throughthedoubleopticallyrotatingplatel 21 impinges 
uponthepolarizationbeamsplitter120andistransmit- 
ted by the polarization beam splitter surface 120a to 
impingeuponthebeamsplitter118.Apartoftherepro- 
duction light incident upon the beam splitter 118 is 
transmitted by the beam splitter surface 118a and 
passesthroughtheimaginglens132to impinge upon 
the CCD array 133 at which it is detected. Thus, 
recorded information can be reproduced immediately 
aftertheinformationisrecorded. 
[0205] Thereferencenumber321 in Fig. 63 repre- 
sents an example of a relationship between the time 
thathaspassedafterthestartofrecordingofinforma- 
tion in one location of an optical information recording 
medium 1 andtheoutputleveioftheCCDarrayl 33.As 
canbeseen,theoutputlevetoftheCCDarray133grad- 
uallyincreasesafterthestartofinformationrecordingin 
accordancewiththed egreeoftherecord i ngofthein te r- 
ference pattern in the optical information recording 
medium 1 .reachesamaximumvalueatacertainpoint 
of time and gradually decreases thereafter. It can be 
assumedthatrecordedinterferencepattern(hereinafter 
referred toas"re corded pattern")hashigherdiffracting 
efficiency.thehighertheoutputleveloftheCCDarray 
1 33. It is therefore possibletoform a recorded pattern 
havingdesireddiffractingefficiencybystoppingrecord- 
ing when the CCD array 133 reaches an output level 
associatedwiththedesireddiffractingefflciency. 
[0206] Inthepresentembodiment, inordertoform 
arecorded pattern havingdesireddiffractingefficiency 
using the DRAW function as described above, an 
appropriatetestarea is preferably provided intheopti- 
cal information recording medium 1. A test area is a 
region where information can be recorded utilizing 
holographytikethedataareas7.Preferably,thecontrol- 
Ier90 performs the following operation when informa- 
tion is recorded. Specifically, thecontroller90performs 
anoperationofrecordingpredeterminedtestdatainthe 
testareainadvanceanddetectsaprofileoftheoutput 
leveloftheCCDarray133asshowninFig.63.Atthis 
time,theoperationsofrecordingtestdataanddetecting 
a profile of the output level of the CCD array 1 33 are 
preferablyperformedinapluralityoflocationsinthetest 
area while changing the output of the light source 
device 112 and the ratio between reference light for 
recordingandinformationlight.Forexample.aplurality 
of profiles are detected as indicated by the reference 
numbers321through323inFig.63^heoptimumprofile 
is selected from among them ; and the actua I inform a- 
tion recording operation isperformed underconditions 
inaccordancewiththeselected profile. 
[0207] Based on the detected profile or selected 
profile,thecontroller90identifiestheoutputlevelasso- 
ciated with desired diffracting efficiency or the time 



requiredtoreachthatoutputlevelafterthebeginningof 
the recording. In actual recording of information, the 
controller90monitorstheoutputleveloftheCCDarray 
133 and stops the recording when the output level 
reaches an output level associated with predefined 
desired diffracting efficiency Alternatively, in actual 
recording of information, the controller 90 stops the 
recording when a time spent after the start of the 
recordingagreeswiththetimerequiredafterthestartof 
recordingtoreachanoutputlevel associated with pre- 
defineddesireddiffractingefficiency.Suchanoperation 
makes it possible to form a recorded pattern having 
desired diffracting efficiency in an optical information 
recordingmediuml . 

[0208] As described above, the present embodi- 
ment makes it possible to verify recorded information 
usingtheDRAWf unction. Fig. 64showsaconfigu ration 
of a circuit required to perform such verification in an 
optical information recording/reproducing apparatus 
accordingtothepresentembodimentAsillustrated.the 
optical information recording/reproducing apparatus 
has: an encoder 331 to which information to be 
recorded is supplied by the controller 90 and which 
encodestheinformationintodataforamodulationpat- 
ternofthespatiallightmodutato^representedby'SLM" 
inFig.64)125;adecoder322fordecodingdataoutput 
bytheCCDarray133intodatainaformatadaptedto 
besupplied from thecontroller90to the encoder 331; 
and a comparing portion 333 for comparing the data 
suppliedfromthecontroller90totheencoder331and 
thedata obtained bythedecoder322andfortransmit- 
ting the information of the result of the comparison to 
the controller 90. For example, the comparing portion 
333 transmits information of the degree of match 
betweenthetwoitemsofdatatobecomparedorinfor- 
mationoftheerrorratetothecontroller90astheinfor- 
mation of the comparison result. For example, the 
controller 90 continues the recording operation if the 
informationofthecomparisonresulttransmittedbythe 
comparing portion 333 is within a range in which data 
errorscanbecorrected.andstopstherecordingopera- 
tioniftheinformationofthecomparisonresultisoutof 
therangeinwhichdataerrorscanbecorrected. 
[0209] As described above, since the optical infor- 
mationrecording/reproducingapparatusofthepresent 
embodiment has the DRAW function, it can perform a 
recording operation under optimum recording condi- 
tionseveninthepresenceofdisturbancessuchasvar- 
iation of sensitivity of theoptica! information recording 
medium 1 , changes in the ambient temperature and 
fluctuationoftheoutputofthelightsourcedevicel 12. 
[0210] Further, the present embodiment allows 
recordingatahighspeedwithhighreliabilitymaintained 
because it h as thef unction of verifying recorded infor- 
mationsimultaneouslywithrecordingoftheinformation. 
Thisf unction is parti cu la rly useful in recordinginforma- 
tion at a high transfer rate. While the reproduction of 
unfixedinformationisunpreferablebecauseitactssim- 
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Marly to overwrite and can reduce the quality of the 
recorded information, the verification function of the 
presentembodirnentcreatesnoproblembecauseveri- 
ficationofrecordedinformationiscompletedduringthe 
recordingoperation. 

[021 1 ] The WPC function d uring multiplex record- 
ing will nowbed escribed. Whenapluralityofpiecesof 
information are recorded on a multiplex basis in the 
same location of an optical information recording 
medium Iwiththe modulation pattern of the reference 
lightforrecordingvaried.thediffractingefficiencyofan 
earlyrecordedpatternisgraduallydecreasedbysubse- 
quent recording. The WPC function according to the 
present embodiment is a function of controlling refer- 
encelightforrecordingandinformationlightduringmul- 
tiplex recording such that substantially the same 
diffracting efficiency can be achieved by the recorded 
patternofeachitemofinformationrecordedonamulti- 
plexbasis. 

[0212] Thediffractingefficiencyof a recorded pat- 
terndependsonparameterssuchastheintensityofthe 
reference light for recording and the information light, 
theilluminatingtimeofthereferencelightforrecording 
andtheinformationlight,theratiobetweentheintensity 
of the reference lightforrecording and the information 
light, the modulation pattern of the reference light for 
recording.thetotalnumberoftimesoftherecordtngin 
the same location of the optical information recording 
medium 1 and the order of the recording of interest. 
Therefore, the WPC function is required to control at 
leastoneofthepluralityofparameters.Thecontrolcan 
besimplifiedbycontrollingtheintensityandilluminating 
time of reference light for recording and information 
light. Whentheintensityofreferencelightforrecording 
and information light is controlled, the intensity is 
reducedastherecordingproceeds.Whentheilluminat- 
ingtimeofreferencelightforrecordingandinformation 
lightiscontroiled.thetlluminatingtimeisdecreasedas 
therecordingproceeds. 

[0213] With the WPC function of the present 
embodiment, referencelightforrecordingand informa- 
tion light are controlled at first through m-th (m is an 
integerequaltoorgreaterthan2)recordingoperations 
based on a profile oftheoutputlevelofthe CCD array 
1 33 as shown in Fig. 63 which has been obtained in 
advance. Fig. 63 shows an example of illuminating 
timesinthecaseofcontrolovertheilluminatingtimeof 
referencelightforrecordingand information light. Spe- 
dfically,intheexampleshowninFig.63Jtisassumed 
thatrecordingisperformedfivetimesinthesameloca- 
tion of anoptical information recording medium 1 , and 
TiT 2 ,T 3 ,T 4 andT 5 respectivelyrepresentstheitlumi- 
natingtimeofthe reference lightforrecording and the 
information light at the first, second, third, fourth and 
fifthrecording. 

[0214] Thus.thepresentembodimentmakesitpos- 

sibletoprovidearecordedpatternofeachitemofinfor- 

mationrecordedonamultiplexbasiswithsubstantially 



thesamediffractingefficiency. 

[021 5] The optical information recording/reproduc- 
ing apparatus according to the present embodiment 
makes itpossibletorecordalargeamountofinforma- 
ttoninanopticalinformationrecordingmediumlwitha 
highdensity.Thismeansthatalargeamountofinforma- 
tioncanbelostwhenadefectorthelikeoccursinthe 
optica linformationrecordingmediumlafterinformation 
isrecordedtodisablethereproductionofapartofthe 
information. According to the present embodiment, in 
order to improve reliability by preventing such loss of 
information, information can be recorded utilizing the 
RAID(redundantarraysofinexpensivedisks)technique 
asdescri bed below. 

[0216] The RAID technique is a technique for 
improvingreliabilityofrecordingbyrecordingdatawith 
redundancy using a plurality of hard disk devices. 
RAIDs are classified into five categories of RAID-1 
through RAID-5. The following description will refer to 
theRAID-1,RAID-3andRAID-5whicharetypicalofthe 
technique, by way of example. RAID-1 isasystemin 
which the same contents are written in two hard disk 
devices and which is also referred to as "mirroring". 
RAID-3 isasystem in which inputdata is divided into 
partshavingapredeterminedlengthtoberecordedina 
pluraiityofharddiskdevicesandinwhichpahtydatais 
generated and written in another hard disk device. * 
RAID-5isasysteminwhichlargerunitsofdatadivision 
(blocks)areemployed;onedivisionofdataisrecorded 
inoneharddiskdeviceasadatablock;paritydatafor 
data blocks of the hard disk devices associated with 
eachotherisrecordedinanotherharddiskdeviceasa 
parityblock;andtheparityblockisdistributedamongall 
harddiskdevices. 

[021 7] A method for recording information utilizing 
the RAI D technique according to the present em bodi- 
ment (hereinafter referred to as "distributed recording 
method") is to record information in an interference 
region313ofanopticalinformationrecordingmedium1 
whichisasubstitutionforaharddiskdeviceinthecon- 
textoftheabovedescriptionofRAID. 
[0218] Fig.65isanillustrationofanexampleofthe 
distributed recording method according to the present 
embodiment. In this example, information to be 
recorded in an optical information recording med ium 1 
is a series of data, DATA1 , DATA2, DATA3, and the 
sa medata DATA 1 , DATA2 , DATA3 .... are recorded i na 
plurality of interference regions 31 3a through 31 3e of 
the optical information recording medium 1 .A plurality 
of items of data are recorded on a multiplex basts in 
each of the interference regions 31 3a through 31 3e 
using phase-encoding multiplexing. This method of 
recording corresponds to RAID-1. According to this 
methodofrecording.evenifreproductionofdataisdis- 
abledinanyofthepluralityofinterferenceregions3 1 3a 
through 31 3e, the data can be reproduced from other 
interferenceregions. 

[021 9] Fig. 66 isan illustration of anotherexample 
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of the distributed recording method according to the 
presentembodiment.lnthisexamplejnformationtobe 
recorded inan optical information recording medium 1 

isaseriesof data , DATA1 , DATA2, DATA3 DATA1 2; 

thedataaredividedandrecordedinapluralityofinter- 
ference regions 3 1 3a through 3 1 3d ; parity data forthe 
data recorded in the plurality of interference regions 
31 3a through 31 3d are generated; and theparity data 
arerecordedinaninterferenceregion3,13e.Morespe- 
cifically,accordingtothismethodofrecording t thedata 
DATA1 through DATA4arerecordedinthe interference 
regions 313a through 313d respectively; parity data 
PARITY(I^) forthe data DATA1 through DATA4 are 
recorded in the interference region 31 3e; the data 
DATASthrough DATA8 are recorded in the interference 
regions 313a through 313d respectively; parity data 
PARITY(5-8) for the data DATA5 through DATA8 are 
recorded in the interference region 31 3e; the data 
DATA9throughDATA12arerecordedintheinterference 
regions313athrough313drespectively;andparitydata 
PARITY(9-1 2)forthedata DATA9through DATA 12 are 
recordedintheinterferenceregion313e.Apluralityof 
itemsofdataare recorded on a multiplexbas is in each 
of the interference regions 313a through 313e using 
phase-encodingmultiplexing.Thismethodofrecording 
corresponds to RAID-3. According to this method of 
recording .evenifreproductionofdataisdisabledinany 
of the plurality of interference regions 313a through 
31 3e, the data can be restored using the parity data 
recordedintheinterferenceregion313e. 

[0220] Fig. 67 is an illustration of another example 
of the distributed recording method according to the 
presentembodiment.lnthisexamplejnformationtobe 
recorded inan optical information recording medium 1 
isaseriesof data , DATA1 , DATA2, DATA3, DATA1 2; 
the data are d ivided and recorded in four interference 
regionsamongapluralityofinterferenceregions313a 
through313e;paritydatafortherecordeddataaregen- 
erated; and theparity data a re recorded in the remain- 
ing interference region among the plurality of 
interference regions 31 3a through 31 3e. According to 
this method of recording, the interference region to 
record the parity data is sequentially changed. More 
specifically, according to this method of recording, the 
data DATA 1 th roug hDATA4a rerecorded i nthei nterfer- 
ence regions 313a through 313d respectively; parity 
data PARITY(1 -4) forthe data DATA1 through DATA4 
are recorded in the interference region 31 3e; the data 
DATA5throughDATA8 are recorded in the interference 
regions31 3athrough31 3cand31 3erespectively;par- 
itydataPARITY(5-8)forthedataDATA5throughDATA8 
are recorded in the interference region 31 3d; the data 
DATA9throug hDATA 1 2a rerecord edintheinte rference 
regions 31 3a, 31 3b, 31 3d and 31 3e respectively; and 
parity data PARITY(9-12) forthe data DATA9 through 
DATA12arerecordedintheinterferenceregion313c.A 
plurality of items of data are recorded on a multiplex 
basis in each ofthe interference regions 3 13a through 



31 3e using phase-encoding multiplexing. This method 
of recording correspondsto RAID-5. According to this 
methodof record ing.evenif reproductionofdataisdis- 
abled in any of the plurality of interference regions 
where data are recorded, the data can be restored 
usingtheparitydata. 

[0221 ] Forexample,thedistributedrecordingmeth- 
ods as shown in Figs. 65 through 67 are carried out 
underthecontrolofthecontroller90ascontrolmeans. 
[0222] Fig. 68 shows an example of an arrange- 
ment of a plurality of interference regions used in the 
distributed recording method as described above. In 
this example, interference regions used forthe distrib- 
uted recording method are a plurality of interference 
regions313adjacenttoeachotherinonetrack.lnthis 
case, the plurality of interference regions 31 3 used for 
thedistributedrecordingmethodarepreferablyinterfer- 
enceregionswithinarangeforwhichin-fieldaccessis 
possible.Thereasonisthatitallowshighspeedaccess 
toeachoftheinterferenceregions313. 
[0223] Fig. 69 shows another example of an 
arrangementofa pluralityof interference regions used 
inthed istributedrecordi ngmethodasd escri bedabove . 
In this example, interference regions used forthedts- 
tributedrecordingmethodareapluralityofinterference 
regions 313 which are two-dimensionally adjacent to 
eachotherintheradialdirection331oftheopticaiinfor- 
mationrecordingmediuml andinthedirection332of 
the tracks thereof. In this case, among the pluralityof 
interference regions used forthe distributed recording 
method, a pluralityofinterferenceregions313adjacent 
toeachotherinthedirection332ofthetracksarepref- 
erably interferenceregions within a rangeforwhichin- 
fieldaccessispossibleThereasonisthatitallowshigh 
speed access to each ofthe interference regions 313 
whichareadjacenttoeachotherinthedirectton332of 
thetracks. 

[0224] Accordingtothedistributedrecordtngmeth- 
odsinthepresentembodiment.aseriesofdatamaybe 
record edinadistributedmannerinapluratityofdiscrete 
interferenceregions31 3insteadof record ingthemina 
plurality of interference regions 31 3 adjacent to each 
other. 

[0225] Whileadescriptionhasbeenmadesofaron 
distributedrecordingmethodsforrecordingapluralityof 
items of data in a single interference region 31 3 on a 
multtplexbasisutilizingphase-encoding multiplexing, a 
distributed recording method can be implemented also 
whenapluralityofitemsofdataarerecordedonamul- 
tiplexbasisusingothermethods.Bywayofexample,a 
descriptionwillbemadewithreferencetoFig.70ona 
distributedrecordingmethodformultiplexrecordingofa 
pluralityofitemsofdatausingamethod referred toas 
"shiftmultiplexing".AsshowninFig.70,shiftmultiplex- 
ing is a method for recording a plurality of pieces of 
informationonamultiplexbasisbyformingapluralityof 
interference regions 313 in an optical information 
recording medium 1 such thatthey are slightly shifted 
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fromeachotherandarepartiatlyovertappedwitheach 
otherinthehorizontaidirection.WhileFig.70showsan 
exampleinwhichapluralityofinterferenceregions313 
used for the distributed recording method are two- 
dimensionally arranged, the plurality of interference 
regions 31 3 used forthe distributed recording method 
may be arranged such that they are adjacent to each 
otherinthesametrac*.lnFig.70,thearrowindicated 
by the reference number 334 represents an order of 
recording. According to the distributed recording 
method utilizing multiplexing, data and parity data 
dividedfromaseriesofdataarerecordedinaplurality 
ofinterferenceregions313inadistributedmanner. 

[0226] A distributed recording method can be 
implemented alsowhen a plurality of items of data are 
recorded on a multiplex basis using phase-encoding 
multiplexing and shift multiplexing in combination. Fig. 
7 1 showsanexampleinwhichinterferenceregions3 1 3 
for multiplex recording of information utilizing phase- 
encoding multiplexing are formed with no overlap 
between them in the direction 332 of the tracks of an 
optical information recording medium 1 and in which 
adjoining interference regions 3 1 3 to be used for shift 
multiplexingareformedintheradialdirection331ofthe 
optical information recording medium 1 such that they 
are slightly shifted from each other and are partially 
overlapped with each other in the horizontal d irection. 
Eachoftheinterferenceregions313inthisexampleis 
treated similarly to the interference regions 313a 
through313einFigs.65thrpugh67. 
[0227] A description will now be made with refer- 
encetoFigs.72and73onajukeapparatusutiiizingan 
optical information recording/reproducing apparatus 
accord ingtothepresentembodimentasanexampleof 
theapplicationofanopticalinformationrecording/repro- 
ducingapparatusaccordingtothepresentembodiment. 
Ajukeapparatusisaninformationrecording/reproduc- 
ing apparatus of a large capacity having an auto- 
changermechanismforchangingrecordingmedia. 
[0228] Fig. 72 is a perspective view showing the 
exteriorofthejukeapparatus,andFig.73isablockdia- 
gram of a circuit configuration of the juice apparatus. 
The juice apparatus has: a front panel block 401 pro- 
videdonthefrontsideofthejuiceapparatus;arobotics 
block402thatformstheinteriorofthejukeapparatus;a 
rear panel block 403 provided on the rear side of the 
jukeapparatus;afirstdiskarray404providedinsidethe 
juice apparatus and constituted by a plurality of optica I 
informationrecording/reproducingapparatusescoupled 
toeachother;aseconddiskarray405similarlyconsti- 
tuted by a plurality of optical information record- 
ing/reproducing apparatuses coupled to each other; 
and a power supply block 406 for supplying predeter- 
minedpowertoeachpartofthejukeapparatus. 
[0229] The front panel block 401 hasafrontdoor 
407 which isopeneda nd closed for purposes such as 
changing disk arrays 404 and 405, and a front panel 
408. 



[0230] On the front panel 408, there is provided a 
keypad 409 having various operating keys; a display 
410fordisplaying modes of operation and the like; a 
functionalswitch41 Iforinstructingopeningandclosing 
ofthefrontdoor407; a mail slot4 1 2 which isa portto 
insert and eject an optical information recording 
medium 1;atransfermotor413fortransferringanopti- 
cal information recording medium 1 inserted through 
the mailslot412toa mail boxwhichisnotshownand 
fortransferringanopticalinformationrecordingmedium 
1tobeejectedfromthemainboxtothemailslot412; 
and afull sensor41 4fordetecting that the numberof 
optical information recording media 1 inserted into the 
jukeapparatushasreachedapredefinednumber. 

[0231 ] On the front door 407 , there is provided a 
doorsensor415fordetectingopenedandclosedstates 
ofthefrontdoor407;adoorlocksolenoid416forcon- 
trolling the opening and closing of the frontdoor 407; 
andaninterJockswitch417forcontrollingtheopening 
and closing of the front door 407 in accordance with 
operationsonthefunctionalswitch41 1 . 
[0232] The robotics block 402 has: a lower maga- 
zine421capableofcontaining,forexample,tenoptical 
information recording media 1 ;anuppermagazine422 
stacked ontopofthelowermagazine42 land capable 
of containing, for example, ten optical information 
recording medial; and a controller block423 for con- 
troll ingthejukeapparatusasawhole. 
[0233] The robotics block 402 further has: a grip 
operationmotor424forcontrollingagripoperationofa 
manipulatorwhichisnotshowntomoveanopticalinfor- 
mationrecordingmediumlinsertedintothejukeappa- 
ratus to a predetermined location; a grip operation 
motor controller 425 for control ling the rotating speed 
anddirectionofthegripoperationmotor424underthe 
controlofthecontrollerblock423;andagripoperation 
encoder426fordetectingtherotatingspeedanddirec- 
tton of the grip operation motor424 and for supplying 
thedetecteddatatothecontroilerblock23.Further,the 
robotics block402 has: a rotatingope ration motor427 
forcontrollingthemanipulatorforrotationinaclockwise 
direction,acounterciockwisedirectionorinbothdirec- 
tions;arotatingoperationmotorcontroller428forcon- 
troll i ng the rotating speed and d irection of the rotating 
operation motor427underthecontrolofthecontroller 
block 423; and a rotating operation encoder 429 for 
detectingtherotatingspeedanddirectionoftherotating 
operationmotor427andforsupplyingthedetecteddata 
tothecontrolierblock423.Theroboticsblock402fur- 
ther has: a vertical operation motor430 for controlling 
upward and downward movementsofthemanipulator; 
averticaloperationmotorcontroller431forcontrolling 
therotatingspeedanddirectionoftheverticaloperation 
motor430underthecontrolofthecontrollerblock423; 
and a vertical ope ration encoder432fordetecting the 
rotating speed and direction of the vertical operation 
motor 430 and for supplying the detected data to the 
controllerblock423. 
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[0234] Theroboticsblock402furtherhas:atransfer 
motor controller 4 33 for control ling the rotating speed 
anddirectionofthetransfermotor4 1 3fortheoperation 
of inserting and ejecting optical information recording 
media 1 throughthemailstot4 1 2; aclearpasssensor 
434;andaclearpassemitter420. 

[0235] The rear panel block 403 has: an RS232C 
connectorterminal435whichisaninput/outputterminal 
for serial transmission; a UPS (uninterruptible power 
system) connector terminal 436: a first SCSI (small 
computer system interface) connector terminal 437 
which isaninputfoutputterminalforparalleltransmis- 
sion; a second SCSI connector terminal 438 which is 
also an input/outputterminal for parallel transmission; 
andanAC(alternatingcurrent)powersupplyconnector 
termina!439connectedtoamainspowersupply. 
[0236] EachoftheRS232Cconnectorterminal435 
and UPSconnectorterminal436 is connected to the 
controllerblock423.Thecontrollerblock423converts 
serialdatasuppliedthroughtheRS232Cconnectorter- 
minal435intoparalleldataandsuppliesthedatatothe 
diskarrays404 and 405. It also converts parallel data 
fromdiskarrays404and405intoseriaidataandsup- 
pliesthedatatotheRS232Cconnectorterminal435. 
[0237] Each of the SCSI connector terminals 437 
and 438 is connected to the controller block 423 and 
diskarrays404and405.Thediskarrays404and405 
exchanged atadi rectlythroug htheSCS Iconnectorter- 
minals437and438,andthecontrollerb1ock423con- 
vertsparalleldatafromthediskarrays404and405into 
serial data and supplies the data to the RS232C con- 
nectorterminal435. 

[0238] The AC power supply connector terminal 
439 is connected to the power supply block 406. The 
powersupptyblock406generatespowerof+5V,+12V, 
+24 V and -24 V based on the mains power supply 
obtainedthroughtheACpowersupplyconnectortermi- 
nal439andsuppliesthepowertootherblocks. 
[0239] The manipulator which is not shown has a 
carriage having a gripper for performing operations 
such as pickingupoptical information recording media 
1 transferred to thematlboxthroughthemailslot41 2 
one by one, a carriage holding portion for holding the 
carriage, and a driving portion for controlling the car- 
riageforvertical, horizontal, back-and-forth and rotary 
movements.lnsidethejukeapparatus.thereisprovided 
four columns which define a substantially rectangular 
configuration on the bottom thereof and which are 
erected to extend perpendicularly to the bottom from 
thefourcornersoftherectangularconfigurationtothe 
topsurfaceofthejuiceapparatus.Thecarriageholding 
portionholdsthecarriagesuchthatitcanmakelateral, 
backand forth a rid rotary movements and has column 
gripping portionsonbothendsthereofforgripping the 
columns to a How the carriage holding portion to move 
verticallyalongthefourcolumns. 
[0240] The carriage driving portion generates a 
driving force to control such a manipulator for vertical 



movements along the columns, generates a driving 
force to control the carriage for lateral, back and forth 
androtarymovementsandgeneratesadrivingforceto 
pickupanopticalinformationrecordingmediumlwith 
thegripper. 

[0241 ] As shown in Fig. 72, the front door 407 is 
cantilevered by a hinge 450 atone end thereof to be 
abletoopenandclose.andeachofthelowermagazine 
421,theuppermagazine422andthefirstandsecond 
diskarrays404and405canbepulledoutorloadedby 
opening and closing the front door 407. Each of the 
magazines 421 and 422 has a boxy configuration for 
containing ten optical information recording media 1 
eachhousedinacartridgeintheformofastackinpar- 
allelwiththebottomofthejukeapparatus,andanopti- 
calinformationrecordingmediumlisinsertedfromthe 
rear side of each of the magazines 42 1 and 422 (the 
sideofeachofthemagazi nes42 1 a nd422thatisoppo- 
sitetothefrontsidethereofwherethefrontdoor407is 
locatedwhenitismountedinthejukeapparatus).Opti- 
cal information recording media 1 can be mounted at 
one time by a user removing the magazines 421 and 
422 to toad it manually and mounting the magazines 
42 1 and422loadedwiththeopticalinformationrecord- 
ing media 1 in the juke apparatus. When optical infor- 
mationrecordingmedia 1 areinsertedthroughthemail 
slot 412, the inserted optical information recording 
medial a retransferredtothemail box, andtheoptical 
information recording media 1 transferred to the mail 
boxare loaded bythe manipulator into the magazines 
42 1 and422Thus,opticalinformationrecordingmedia 
lean be automatically loaded intothemagazines421 
and422. 

[0242] Eachofthefirstandseconddiskarrays404 
and405hasaRAIDcontrollerandadrivearrayformed 
bycouplingfirstthroughfifthopticalinformationrecord- 
ing/reproducingapparatuses. 

[0243] Each of the optical information record- 
ing/reproducing apparatuses has a disk insertion/ejec- 
tionport.andopticalinformationrecordingmedialare 
insertedinandejectedfromeachoftheopticalinforma- 
tion recording/reproducing apparatuses through the 
disk insertion/ejection port. The RAID controllers are 
connected to the controller block 423 and control the 
optical information recording/reproducing apparatuses 
accord i ngtotherecord i ngmethodofRAI D- 1 , RAI D-3or 
RAI D-5 under the control of the controller block 423. 
Eachofthe record ingmethodsof RAI D-1 , RAI D-3and 
RAID-5isselectedthroughakeyoperationonthekey- 
pad409providedonthefrontpanel408. 
[0244] In this juke apparatus, data are recorded 
using the diskarrays404 and405 in accordance with 
therecordingmethodofRAID-1,RAID-3orRAID-5.ln 
ordertorecorddatainsuchamanner.opticalinforma- 
tionrecordingmedialmustbeloadedinthejukeappa- 
ratusinadvance.Therearetwomethodsforloadingthe 
juke apparatus with the optical information recording 
medial. 
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[0245] AsshowninFig.72,afirstmethodofloading 
is a method wherein the front door 407 is opened to 
remove the lower magazine 421 andtheuppermaga- 
zine422andopticalinformationrecordingmedia1are 
manuallyloadedinthemagazines421and422. 

[0246] A second method of loading is a method 
wherein optical information recording media 1 are 
loadedonebyonethroughthemailslot412asshown 
in Fig. 73. When an optical information recording 
medium 1isloadedintothemaiislot412,theController 
block423detectsitandcontrolsthedrivingofthetrans- 
fermotor413totransfertheopticalinformationrecord- 
ing medium 1 to the mail box. When the optical 
information recording medium 1 is transferred to the 
mailbox ) thecontrollerblock423controlsthedrivingof 
theverticaloperationmotor430tomovethemanipula- 
tortowa rd the mail box and controls the d riving of the 
gripoperationmotor424tomovetheopticalinformation 
recording medium 1 picked up by thegripperprovided 
onthemaniputatortoavacantdiskhousing portionof 
themagazine421or422.Thedrivingofthegripopera- 
tionmotor424iscontrolledtoreleasetheopticalinfor- 
mation recording medium 1 held by the gripper in the 
disk housing portion. The controller block 423 controls 
eachportiontorepeatsuchaseriesofoperationseach 
time an optical information recording medium 1 is 
insertedthroughthemaiislot412. 
[0247] Whenthemagazines421 and422arethus 
loaded with optical information recording media 1 
accordingtothefirstorsecondmethodofloading t the 
controllerblock423controlsthemanipulatortotransfer 
the optical information recording media 1 contained in 
thelowermagazine421ortheuppermagazine422to 
the first disk array 404 or the second disk array 405. 
Eachofthediskarrays404and405canbeloadedwith 
five optical information recording media 1 and, there- 
fore, five out of the total of twenty optical information 
recordingmedia1containedinthemagazines421and 
422 are loaded inthefirstdiskarray404, and another 
five are loaded in the second disk array 405 by the 
manipulator. 

[0248] To record data, a useroperatesthe keypad 
409to selecta desi red recording method from among 
theRAI D- 1 ,RAI D-3andRAI D-5record i ngmethodsand 
operates the keypad 409 to instruct the start of data 
recording. Thedatatobe recorded aresupplied to the 
diskarrays404and405throughtheRS232Cconnector 
terminaW35orthefirstandsecondSCS!connectorter- 
minals437and438.Whenthestartofdatarecordingis 
instructed, the controller block 423 controls the disk 
arrays 404 and 405 through the RAI D controllers pro- 
videdatthediskarrays404and405toenablerecording 
ofdataaccordingtotheselectedrecordingmethod. 
[0249] In this juke apparatus, five optical informa- 
tion recording/reproducing apparatuses provided for 
eachofthediskarrays404and405aresubstitutedfor 
harddiskdevicesinaconventionalRAIDutilizinghard 
disk devices to record data according to a recording 



method selected from among the RAI D-1, RAI D-3 and 
RAI D-5 recording methods. The data interfaces of this 
jukeapparatusarenotlimitedtothosementionedinthe 
abovedescription. 

[0250] The optical information recording/reproduc- 
ing apparatus according to the present embodiment 
makes itpossibletoachievecopyprotectionandsecu- 
rityeasilylikethefirstembodiment. 
[0251] Itisalsopossibletoprovideinformationdis- 
tribution services e.g. , a service in which optical infor- 
mation recording media lhavingamultiplicityof kinds 
oftnformation(e.g.,variouskindsofsoftware)recorded 
thereonwithdifferentmodulationpatternsforreference 
lightareprovidedtousersandinwhichpiecesofinfor- 
mationofthereferencelightmodulationpatternstoena- 
ble reproduction of each of the various kinds of 
informationareseparatelysoldtotheusersaskeyinfor- 
mationasrequestedbytheusers. 
[0252] Phase modulation patterns for reference 
lighttoserveasthekeyinformatiorvtoretrievepredeter- 
minedinformationfromanopticalinformationrecording 
mediumlmaybecreatedbasedoninformationspecific 
toapersonwhoisauser.Suchinformationspecifictoa 
personincludesasecretnumber,afingerprint,avoice- 
printandanirispattern. 

[0253] Fig.74showsanexampleofaconfiguration 
ofmajorpartsofanopticalinformationrecordtng/repro- 
ducingapparatusaccordingtothepresentembodiment 
in which phase modulation patterns for reference light 
arecreatedbasedonpersonaOnformationasdescribed 
above. In this example, the optical information record- 
ing/reproducing apparatus has: a personal information 
i nput portion 501 for inputting information specificto a 
person such as a fingerprint; a phase modulation pat- 
tern encoder 502 for creating a phase modulation pat- 
tern for reference light based on the information input 
throughthepersonaiinformationinputportion501and 
forsupplyinginformationonthecreatedmodulationpat- 
terntothephase-spatiallightmodulatorl 1 7asdesired 
wheninformationisrecordedorreproducedtodrivethe 
phase-spatial light modulator 117; and a card issuing 
and inputportion 503 for issuing acard 504 on which 
theinformationonthemodulationpatterncreatedbythe 
phasemodulationpatternencoder502isrecordedand 
for sending the information on the modulation pattern 
recordedonthecard504tothephasemodulationpat- 
ternencoder502whenthecard504isloadedtherein. 
[0254] In the example shown in Fig. 74, when a 
userinputsinformationspecifictothepersonsuchasa 
fingerprinttothepersonalinformationinputportion501 
torecordinformationinanopticalinformationrecording 
mediumlusingtheopticalinformationrecording/repro- 
ducingapparatusaccordingtothepresentembodiment, 
the phase modulation pattern encoder 502 creates a 
phase modulation pattern for reference light based on 
the information input through the personal information 
inputportion 50 1 and supplies information on thecre- 
atedmodulationpatterntothephase-spatiallightmod- 
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ulatoii 17todrivethephase-spatiallightmodulator1 17 

duringtherecordingoftheinformation.Asaresult.the 

informationisrecordedintheopticalinformationrecord- 

ingmedium 1 inassociationwiththephasemoduiation 

patternforreferencelightcreatedbasedontheinforma- 

tionspecifictothe person whoisthe user. The phase 

modulation pattern encoder 502 transmitsthei nforma- 

tiononthecreatedmodulationpatterntothecardissu- 

ingandinputportion503,andthecardissuingandinput 

portion503issuesacard504onwhichthetransmitted 

informationonthemodulationpatternisrecorded. 

[0255] To reproduce the information recorded as 
describedabovefromtheopticalinformationrecording 
medium1,theusereitherinputstheinformationspecific 
tothepersontothe personal information inputportion 
501 as in record ing,orloadsthecard504intothecard 
issuingandinputportion503. 

[0256] Whentheinformationspecifictotheperson 
is input to the personal information input portion 501 , 
the phase modulation pattern encoder 502 creates a 
phase mod ulation pattern for reference light based on 
the information input through the personal information 
inputportion 501 and supplies information onthecre- 
atedmodulationpatterntothephase-spatiallightmod- 
ulatorl 17todrivethephase-spatiallightmodulator1 17 
duringthereproductionoftheinformation.Atthistime, 
ifthephasemodulationpatternforthelightatrecording 
agreeswiththephasemodulationpatternforreference 
light at reproduction, the desired information is repro- 
duced. I nordertopreventthephasemodulationpattern 
encoder502fromcreatingdifferentmodulationpatterns 
atrecordingandreproductioninspiteofthefactthatthe 
same information specifictothe person is inputto the 
personalinformationinputportion501,thephasemod- 
ulation pattern encoder 502 maybe adapted to create 
thesame modulation pattern even if there issomed if- 
ferencebetweenthepiecesofinformationinputthrough 
thepersonalinformationinputportion501. 
[02571 When the card 504 is loaded into the card 
issuingandinputportion503,thecardissuingandinput 
portion503transmitstheinformationonthemodulation 
patternrecordedonthecard504tothephasemodula- 
tion pattern encoder 502, and the phase modulation 
pattern encoder 502 supplies the transmitted informa- 
tiononthemodulationpatterntothephase-spatiallight 
modulatorl 1 7todrivethephase-spatiallightmodulator 
1 1 7.Thus,thedesiredinformationisreproduced. 
[0258] The configuration, operation and effects of 
thepresentembodimentareotherwisesubstantiallythe 
sameasthoseofthefirstembodiment. 
[0259] The present invention is not limited to the 
above-describedembodimentsandmaybemodifiedin 
variousways.Forexample.addressinformationandthe 
likeisrecordedinadvanceintheaddressservoareas6 
of the optical information recording medium 1 in the 
formofembossedpitsintheabove-describedembodi- 
ments: however, instead ofprovidingembossed pits in 
advance, formattingmayalternativelybecarriedoutby 



selectivelyilluminatingregionsneartheprotectivelayer 
4ofthehologramlayer3intheaddressservoareas6 
with high power laser light to selectively change the 
refractivityof such regions, thereby recording address 
informationandthelike. 

[0260] As the element for detecting information 

recordedinthehologramlayer3,asmartopticalsensor 

inwhichaMOStypesolidstateimagepick-upelement 

andasignalprocessingctrcuitareintegratedonasin- 

glechip(seeariarticIeT)plusE,September,1996 ) No. 

202", pp. 93-99 by way of example) may be used 

insteadofaCCDarray.Sincesuchasmartopticalsen- 

sorhasahightransferrateandahighspeedope rating 

function, theuseofsuchasmartopticalsensorallows 

highspeedreproduction,e.g.,reproductionatatransfer 

rateontheorderofGbit/sec. 

[0261 ] Especially, when a smart optical sensor is 
usedastheelementfordetecting information recorded 
in the hologram layer 3, instead of recording address 
informationandtheiikeintheaddressservoareas6of 
the optical information recording medium 1 using 
embossedpitsinadvance,addressinformationandthe 
like in a predetermined pattern may be recorded in 
advanceusingthesamemethodasforrecordinginthe 
data areas 7 utilizing holography, in which case the 
address information and the like is detected by the 
smartopticalsensorduringaservooperation with the 
pick-upsetinthesamestateasinreproduction.lnthis 
case, a basic clock and address can be directly 
obtained from the data detected by the smart optical 
sensor. A tracking error signal can be obtained from 
informationofthepositionofareproductionpatternon 
thesmartopticalsensorPocusservocanbeperformed 
bydrivingtheobjectivelens12soastomaximizethe 
contrastofthereproductionpatternonthesmartoptical 
sensor. Focus servo can be performed also during 
reproductionbydrivingtheobjectivelenssoastomax- 
imizethecontrastotareproductionpatternonthesmart 
opticalsensor. 

[0262] Intheabove-described embodiments, infor- 
mationonthemodulationpatternofreferencelightand 
informationonthewavelengththereofmaybesupplied 
tothecontroller90fromanexternalhostapparatus. 
[0263] Asdescribedabove.inthefirstopticalinfor- 
mation recording apparatus or optical information 
recording method according to the invention, the infor- 
mation recording layer is illuminated with information 
lightcarryinginformationandreferencelightforrecord- 
ing having a spatially modulated phase on the same 
sidethereof.whichisadvantageousinthatinformation 
can be recorded on a multiplex basis utilizing phase- 
encodingmultiplexingandinthattheopticalsystemfor 
recordingcanbeconfiguredcompactly. 
[0264] Thefirstopticalinformationrecordingappa- 
ratusaccordingtotheinventionisfurtheradvantageous 
in that light for recording can be positioned with high 
accuracybycontrollingthepositionsofinformationlight 
and reference light for recording relative to the optical 
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information recording medium using information 
recorded inapositioning reg ion of the optical informa- 
tionrecordingmedium. 

[0265] In the first optical information recording 
apparatusaccordingtotheinvention.therecordingopti- 
calsystemprojectsinformationlightandreferencelight 
forrecordingsuchthattheopticalaxisoftheinformation 
lightandtheopticalaxisofthereferencelightforrecord- 
ing are located on the same line, which provides 
anotheradvantageinthattheopticalsystemforrecord- 
ingcanbeconfiguredmorecompactly. 
[0266] In the first optical information recording 
apparatus according to the invention, the information 
lightgenerationmeansgeneratesinformationlightina 
plurality ofwavelength bands, and the recording refer- 
ence lightgeneration means generates reference light 
forrecordinginthesamepluralityofwavelengthbands 
as those for the information light, which provides 
another advantage in that more information can be 
recordedonamultiplexbasis. 

[0267] Thefirstopticalinformationrecordingappa- 
ratus accord ingtothe invention has control means for 
controlling the information lightgeneration meansand 
the recording reference light generation means such 
thatinformationisrecordedwithredundancyintheopti- 
cal information recording medium, which provides 
anotheradvantageinthatreliabilitycanbeimproved. 
[0268] In the first optical information reproducing 
apparatus or optical information reproducing method 
according to the invention, the information recording 
layerisilluminatedwithreferencelightforreproduction 
having a spatially modulated phase; reproduction light 
generated atthe information recording layerwhen illu- 
minated with the referencelightforreproductioniscol- 
lected on the same side of the information recording 
layerthatisilluminatedwiththereferencelightforrepro- 
duction;andthecollectedreproductionlightisdetected. 
Thisisadvantageousinthatinformationrecordedona 
multiplex basis utilizing phase-encoding multiplexing 
can be reproduced and in that the optical system for 
reproductioncanbeconfiguredcompactly. 
[0269] The first optical information reproducing 
apparatusaccordingtotheinventionisfurtheradvanta- 
geous in that light for reproduction can be positioned 
withhighaccuracybycontrollingthepositionoftheref- 
erencelightforreproductionrelativetotheopticalinfor- 
mationrecordingmediumusinginformationrecordedin 
a positioning reg ionoftheopticalinformation recording 
medium. 

[0270] In the first optical information reproducing 
apparatus according to the invention, the reproducing 
opticalsystem projects reference lightfor reproduction 
andcollectsreproductionlightsuchthattheopticalaxis 
of the reference lightfor reproduction and the optical 
axis of the reproduction light are located on the same 
line.whichprovidesanotheradvantageinthattheopti- 
cal system for reproduction can be configured more 
compactly. 



[0271] In the first optical information reproducing 
apparatus according to the invention , the reproduction 
reference lightgeneration means generates reference 
lightforreproductioninapluralityofwavelengthbands, 
and the detection means detects reproduction light in 
thesamepluralityofwavelengthbandsasthoseforthe 
referencelightforreproduction f whichprovidesanother 
advantageinthatitispossibletoreproduceinformation 
recorded using reference lightfor recording and infor- 
mationlightinapluralityofwavelengthbands. 

[0272] In the second optical information recording 
apparatus or optical information recording method 
according to the invention, the information recording 
layer is illuminated with information light having a 
selectedwavelengthandcarryinginformationandrefer- 
encel ig htforrecord i nghavingaselectedwa velengthon 
the same side thereof, which is advantageous in that 
informationcanberecordedonamultiplexbasisutiliz- 
ing wavelength multiplexingandinthattheopticalsys- 
temforrecordingcanbeconfiguredcompactly. 
[0273] The second optical information recording 
apparatusaccordingtotileinventionisfurtheradvanta- 
geousinthat lightfor recording can be positioned with 
highaccuracybycontrollingthepositionsofinformation 
lightandreferencelig htforrecord ingrelativetotheopti- 
cal information recording medium using information 
recorded inapositioning region of the optical informa- 
tionrecordingmedium. 

[0274] In the second optical information recording 
apparatusaccordingtotheinvention.therecordingopti- 
calsystemprojectsinformationlightandreferencelight 
forrecordingsuchthattheopticalaxisoftheinformation 
lightandtheopticalaxisofthereferencelightforrecord- 
ing are located on the same line, which provides 
anotheradvantageinthattheopticalsystemforrecord- 
ingcanbeconfiguredmorecompactly. 
[0275] In the second optical information reproduc- 
ing apparatus or optical information reproducing 
method according to the invention, the information 
recording layer is illuminated with reference light for 
reproduction having a selected wavelength; reproduc- 
tion light generated at the information recording layer 
when illuminated with the reference lightfor re produc- 
tion is collected on the same side of the information 
recording layer that is illuminated with the reference 
light for reproduction; and the collected reproduction 
lightisdetected.Thisisadvantageousinthatinforma- 
tion recorded on a multiplex basis utilizing wavelength 
multiplexing can be reproduced and in that the optical 
systemforreproductioncanbeconfiguredcompactly. 
[0276] The second optical information reproducing 
apparatusaccordingtotheinventionisfurtheradvanta- 
geous in that lightfor reproduction can be positioned 
with high accuracy by controlling the position of refer- 
ence light for reproduction relati veto the optica I infor- 
mationrecordingmediumusinginformationrecordedin 
apositioningregionoftheopticalinformationrecording 
medium. 
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[0277] In the second optical information reproduc- 
ingapparatusaccordingtotheinvention.thereproduc- 
ing optical system projects reference light for 
reproduction and collects reproduction light such that 
the optical axis of the reference light for reproduction 
andtheopticalaxisofthereproductionlightarelocated 
onthesameline.whichprovidesanotheradvantagein 
thatthe optical system forreproduction can beconfig- 
uredmorecompactly. 

[0278] In the third optical information recording 
apparatus or optical information recording method 
according to the invention, the information recording 
layer is illuminated with information light having a 
selectedwavelengthandcarryinginformationandrefer- 
ence light for recording having a selected wavelength 
and having a spatially modulated phase on the same 
sidethereof,whichisadvantageousinthatinformation 
can be recorded on a multiplex basis utilizing wave- 
length multiplexing and phase-encoding multiplexing 
andinthattheopticatsystemforrecordingcanbecon- 
figuredcompactiy. 

[0279] Thethirdopticalinformationrecordingappa- 
ratusaccordingtotheinventionisfurtheradvantageous 
in that light for recording can be positioned with high 
accuracybycontrollingthepositionsofinformationlight 
and refere nee lig ht for record i ng relative to the optical 
information recording medium using information 
recorded in a positioning region of theoptical informa- 
tionrecordingmedium. 

[0280] In the third optical information recording 
apparatusaccordingtotheinvention.therecordingopti- 
calsystemprojectsinformationlightandreferencelight 
forrecordingsuchthattheopticalaxisoftheinformation 
lightandtheopticalaxisofthereferencelightforrecord- 
ing are located on the same line, which provides 
anotheradvantageinthattheopticalsystemforrecord- 
ingcanbeconfiguredmorecompactly. 
[0281] In the third optical information reproducing 
apparatus or optical information reproducing method 
according to the invention, the information recording 
layerisilluminatedwithreferencelightforreproduction 
having a selected wavelength and having a spatially 
modulated phase; reproduction light generated at the 
information recording layer when illuminated with the 
referenceiightforreproductiohiscollectedonthesame 
sideoftheinformationrecordinglayerthatisilluminated 
with the reference light for reproduction; and the col- 
lected reproduction light is detected. This is advanta- 
geousinthatinformationrecordedonamultiplexbasis 
utilizing wavelength multiplexing and phase-encoding 
multiplexing can be reproduced and inthatthe optical 
systemforreproductioncanbeconfiguredcompactly 
[0282] The third optical information reproducing 
apparatusaccordingtotheinventionisfurtheradvanta- 
geous in that light for reproduction can be positioned 
with high accuracy by controlling the position of refer- 
ence lightfor reproduction relative to the optical infor- 
mationrecordingmediumusinginformationrecordedin 



apositioningregionoftheopticalinformationrecording 
medium. 

[0283] In the third optical information reproducing 
apparatus according to the invention, the reproducing 
optical system projects reference lightforreproduction 
andcollectsreproductionlightsuchthattheopticalaxis 
of the reference lightfor reproduction and the optical 
axis of the reproduction light are located on the same 
line.whichprovidesanotheradvantageinthattheopti- 
cal system for reproduction can be configured more 
compactly. 

[0284] In the fourth optical information recording 
apparatusaccordingtotheinvention,thepick-updevice 
provided in a face-to-face relationship with theoptical 
informationrecordingmediumprojectsinformationlight 
and reference lightfor recording upon the information 
recordinglayeronthesamesidethereoftorecordinfor- 
mationintheinformattonrecordinglayerusinganinter- 
ference pattern asa result of interference between the 
information light and the reference light for recording, 
which is advantageous in that the optical system for 
recording can beconfigured compactly and inthatran- 
domaccesstotheopticalinformationrecordingmedium 
canbeperformedeasily. 

[0285] In the fourth optical information recording 

apparatusaccordingtotheinvention^herecordingopti- 

calsystemprojectsinformationlightandreferencelight 

forrecordingsuchthattheopticalaxisoftheinformation 

lightandtheopticalaxisofthereferencelightforrecord- 

ing are located on the same line, which provides 

anotheradvantageinthattheopticalsystemforrecord- 

ingcanbeconfiguredmorecompactly. 

[0286] In the fourth optical information recording 

apparatus according to the invention, the light source 

emitsbeamsoflightinapluralityofwavelength bands, 

whtchprovidesanotheradvantageinthatmoreinforma- 

tioncanberecordedonamultiplexbasis. 

[0287] in the fourth optical information recording 

apparatusaccordingtotheinvention.thepick-updevice 

hasfi rst lig htquantitymonitoringmeansfor monitoring 

thequantityofinformationlightandsecondlightquan- 

titymonitoringmeansformonitoringthequantityofref- 

erence light for recording, which provides another 

advantageinthatthequantitiesoftheinformationlight 

and the reference light for reproduction can be inde- 

pendentlymonitoredandcontrolled . 

[0288] In the fourth optical information recording 

apparatusaccordingtotheinvention.thepick-updevice 

has reproduction light detection means for detecting 

reproductionlightasaresultofdiffractionofreference 

light for recording caused by an interference pattern 

formed in the information recording layer during the 

recording of information in the information recording 

layer, which provides another advantage in that 

recorded information canbe verified immediately after 

therecordingoftheinformation. 

[0289] The fourth optical information recording 
apparatusaccordingtotheinventionhascontrolmeans 
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for controlling the recording operation based on infor- 
mation on reproduction light detected by reproduction 
light detection means, which provides another advan- 
tageinthattherecordingoperationcanbeperformedin 
anoptimumrecordingstate. 

[0290] The fourth optical information recording 

apparatusaccordingtotheinventionhascontrolmeans 

for controlling illuminating conditions for information 

light and reference light for recording during multiplex 

recording based on information on reproduction light 

detected by reproduction light detection means, which 

provides anotheradvantageinthatmultiplex recording 

canbeperformedunderoptimumconditions. 

[0291] In the fourth optical information recording 

apparatusaccordingtotheinvention,thepick-updevice 

has fixing means forfixing information recorded using 

an interference pattern in the information recording 

layer.whichprovidesanotheradvantageinthatinforma- 

tioncanbefixed. 

[0292] In the fourth optica! information recording 
apparatus according to the invention, an optical infor- 
mationrecordingmediumisusedwhichhasarecording 
region that allows recording of information using an 
interferencepatternandpositioningregionsprovidedon 
both sides of the recording region for positioning infor- 
mationlightandreferencelightforrecording.andcon- 
trolmeansisprovidedforreciprocatingtheilluminating 
positionsoftheinformationlightandthereferencelight 
forrecordingbywayoftherecordingregionandatleast 
apartofthepositioningregionsonbothsidesthereofto 
positionthe information lightand the reference lightfor 
recordingrelativetotherecordingregionbasedoninfor- 
mationobtainedfromthepositioningregions.Thispro- 
videsanotheradvantageinthatitispossibletoprevent 
shiftofarecordingpositionevenwhenrecordingisper- 
formedfo'rarelativelylongtimeinthesamelocationof 
anopticalinformationrecordingmedium. 
[0293] In the fourth optical information recording 
apparatusaccordingtotheinvention,byprovidingaplu- 
ralityofpickupdevices,anotheradvantageisachieved 
in thatsimultaneous record ing can be performed on a 
single optical information recording medium with the 
plurality of pick-up devices to improve recording per- 
formance. 

[0294] I nth efourthoptica I information reproducing 
apparatusaccordingtotheinvention,thepick-updevice 
provided in a face-to-face relationship with an optical 
information recording medium projects reference light 
for reproduction upon the information recording layer; 
reproduction lightgenerated atthe information record- 
ing layer when illuminated with the reference lightfor 
reproductioniscollectedonthesamesideoftheinfor- 
mattonrecordinglayerthatisilluminatedwiththerefer- 
encelightforreproduction;andthereproductionlightis 
detected.whichisadvantageousinthattheopticalsys- 
tem forreprod uctioncan be configured compactly and 
inthatrandomaccesstotheopticalinformationrecord- 
ingmediumcanbeperformedeasily. 



[0295] I nthefourthoptical information reproducing 
apparatus according to the invention, the reproducing 
optica Isystemprojectsthereferencelightforreproduc- 
tionandcollectsreproductionlightsuchthattheoptical 
axisofthereferencelightforreproductionandtheopti- 
cal axis of the reproduction light are located on the 
sameline.whichprovidesanotheradvantageinthatthe 
opticalsystemforreproductioncanbeconfiguredmore 
compactly. 

[0296] I nthefourthoptical information reproducing 
apparatus according to the invention, the light source 
emits beamsoflightina pi uralityofwavelength bands, 
and detection means detects reproduction light in the 
same plurality of wavelength bands as those for the 
beamsoflightemittedbythelightsource.Thisprovides 
another advantage in that it is possible to reproduce 
informationrecordedinanopticalinformationrecording 
mediumonamultiplexbasisusinglightinapiuralityof 
wavelengthbands. 

[0297] Inthefourthopticalinformationreproducing 
apparatusaccordingtotheinvention.thepick-updevice 
haslightquantity monitoring means for monitoring the 
quantity of reference lightfor reproduction, which pro- 
videsanotheradvantageinthatthequantityoftherefer- 
ence light for reproduction can be monitored and 
controlled. 

[0298] Inthefourthopticalinformationreproducing 
apparatus according to the invention, an optical infor- 
mationrecordingmediumisusedwhichhasarecording 
region that allows recording of information using an 
interferencepatternandpositioningregionsprovidedon 
both sid esofthe record ing region forpositioning refer- 
ence lightfor reproduction, and control means is pro- 
vided for reciprocating the illuminating position of the 
reference lightforreproductionbywayofthe record ing 
region and atleastapartoftheposition ing regtonson 
both sides thereof to position the reference light for 
reproduction relative to the recording region based on 
informationobtainedfromthe positioning regions.This 
providesanotheradvantageinthatitispossibletopre- 
ventshiftofareproducingpositionevenwhenreproduc- 
tion is performed fora relatively long time in the same 
locationofanopticalinformationrecordingmedium. 
[0299] I nthefourthoptical information reproducing 
apparatusaccordingtotheinvention.byprovidingaplu- 
ralityofpick-updevices.anotheradvantageisachieved 
inthatsimultaneousreproductioncanbeperformedon 
a singleoptical information recording medium withthe 
pluralityofpick-updevicestoimprovereproducing per- 
formance. 

[0300] In the optical information, recording/repro- 
ducing apparatus according to the invention, during 
recording,thepick-updeviceprovidedinaface-to-face 
relationship with the optical information recording 
mediumprojectsinformationlightandreferencelightfor 
recording upon the information recording layer on the 
samesidethereoftorecord information intheinforma- 
tion recording layer using an interference pattern as a 
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resultofinterference between the information lightand 
the reference light for recording. During reproduction, 
thepick-updeviceilluminatestheinformationrecording 
layerwith reference lightforreproduction; reproduction 
lightgeneratedattheinformationrecordinglayerwhen 
illuminated with the reference lightforreproduction is 
coltectedonthesamesideoftheinformationrecording 
layerthatisiHuminatedwiththereferencelightforrepro- 
duction;andthecollectedreproductionlightisdetected. 
This is advantageous in that the optical system for 
recording and reproduction can be configured com- 
pactlyandinthatrandomaccesstotheopticalinforma- 
tionrecordingmediumcanbeperformedeasily. 

[0301] In the optical information recording/repro- 
ducingapparatusaccordingtotheinvention.byprovid- 
ingapluratityofpick-updevices.anotheradvantageis 
achieved inthatsimultaneousrecordingand reproduc- 
tion can be performed on a single optical information 
record i ngmedi umwiththepl ural ityofpick-u pdevicesto 
improverecordingandreproducingperformance. 
[0302] The optical information recording medium 
accordingtotheinventionhas:afirstinformationlayer 
forrecording information in theform of an interference 
pattern as a resultofinterference between information 
light and reference light for recording utilizing hologra- 
phy and for generating reproduction light associated 
withtherecordedinformationwhenilluminatedwithref- 
erencelightforreproduction;andasecond information 
layer which is provided in a position differentf rom the 
position of thefirst information layer inthe direction of 
thethicknessandinwhichinformationisrecordedusing 
mea ns differentf rom thatforthe recording of i nforma- 
tioninthefirstinformationlayer.Thisisadvantageousin 
that the positioning of information light, reference light 
forrecording and reference lightforreproduction rela- 
tivetothefirstinformationlayercanbeperformedusing 
the information recorded in the second information 
layer, and in thatdirectory information, directory man- 
agement information and the like on the information 
recordedinthefirstinformationlayercanberecordedin 
thesecondinformationlayertomakeitpossibletoper- 
formrandomaccessandhighdensityrecordingeasily. 
[0303] I ntheoptical information recording medium 
according to the invention, a gap having a predeter- 
minedthicknessisformedbetweenthefirstinformation 
layerand thesecond information layer, which provides 
another advantage in that a sufficiently large interfer- 
ence regioncan beformed between refere nee lightfor 
recording and information light in thefirst information 
layer while allowing reproduction of information 
recordedinthesecondlayer. 

[0304] Itwillbeunderstoodfromtheabovedescrip- 
tion that the invention may be carried out in various 
modes and modified modes. Therefore, the present 
invention may be carried out in modes otherthan the 
a bove-d escribed bestmodesforcarryi ngouttheinven- 
tion within the scope of equivalence of the appended 
claims. 



Claims 

1. An optical information recording apparatus for 
recording information in an optical information 
recording medium having an information recording 
layer in which information is recorded utilizing 
holography.theapparatuscomprising: 

informationlightgenerationmeansforgenerat- 
inginformationtightcarryinginformation; 
recording reference light generation means 
includingphasemodulationmeansforspatially 
modulating the phase of light, for generating 
reference light for recording having a phase 
spatially modulated by the phase modulation 
means;and 

a record ing optical system for ill uminati ng the 
information recording layer on the same side 
thereof with the information lightgenerated by 
theinformationlightgenerationmeansandthe 
reference lightfor recording generated by the 
recording reference light generation means 
such that the information is recorded in the 
information recording layer in the form of an 
interference pattern asa resultofinterference 
betweentheinformationlightandthereference 
lightforrecording. 

2. An optica I information recordi ngapparatusaccord- 
ing to claim 1, wherein the optical Information 
recording medium has a positioning region for 
recordinginformationforpositioningtheinformation 
lig htandthereferencel ightforrecord i ng ,th ea ppa- 
ratusfurthercomprisingpositioncontrolmeansfor 
control I ingthepositionsoftheinformation lightand 
thereferencelightforrecordingrelativetotheopti- 
cal information recording medium using the infor- 
mationrecordedinthepositioningregion. 

3. Anoptica I information record ing apparatusaccord- 
ingtoclaim1,whereintherecordingopticalsystem 
projectstheinformationlightandthereferencelight 
forrecordingsuchthattheopticalaxisoftheinfor- 
mation light and the optical axis of the reference 
lightforrecordingarelocatedonthesameline. 

4. Anopticalinformationrecordingapparatusaccord- 
ingtoclaiml.whereintheinformationlightgenera- 
tion means generates the information light in a 
pluralityofwavelengthan.andtherecording refer- 
ence light generation means generates the refer- 
ence light for recording in the same plurality of 
wavelengthbandsasthoseoftheinformationlight. 

5. Anopticalinformationrecordingapparatusaccord- 
ingtoclaiml.furthercomprisingcontrolmeansfor 
controlling the information light generation means 
andtherecordingreferencelightgenerationmeans 
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torecordinformationwithredundancyintheoptical 
informationrecx)rdingmedium. 

Anopticalinformationrecordingmethodforrecxjrd- 
ing information in an optical information recording 
medium having an information recording layer in 
which information is recorded utilizing holography, 
themethodcomprisingthestepsof: 

generating information light carrying informa- 
tion; 

spatiallymodulatingthephaseoflighttogener- 

ate reference Hghtfor recording having a spa- 

tiallymodulatedphase;and 

illuminating the information recording layer on 

thesamesidethereofwiththeinformationlight 

and the reference lightforrecording to record 

the information in the information recording 

layerintheformofaninterferencepatternasa 

result of interference between the information 

lightandthereferencelightforrecording. 

An optica! information reproducing apparatus for 
reproducing information utilizing holography from 
anoptical information recording medium having an 
informationrecordinglayerinwhichtheinformation 
isrecordedintheformofaninterferencepatternas 
a result of interference between information light 
carrying the information and reference light for 
recording having a spatially modulated phase, the 
apparatuscom prising: 

reproduction reference lightgeneration means 
includingphasemodulationmeansforspatially 
modulating the phase of light, for generating 
referencelightforreproductionhavingaphase 
spatially modulated by the phase modulation 
means; 

a reproducing optical system for illuminating 
the information recording layer with the refer- 
ence light for reproduction generated by the 
reproduction reference lightgeneration means 
andforcollecting reproduction light generated 
atthe information recording layerwhen illumi- 
nated with the reference light for reproduction 
on the same side of the information recording 
layerthatisilluminatedwiththereferencelight 
forreproduction;and 

detectionmeansfordetectingthereproduction 
light collected by the reproducing optical sys- 
tem. 

An optical information reproducing apparatus 
according toclaim 7, wherein theoptical informa- 
tion recording medium has a positioning region for 
recording information for positioning the reference 
light for reproduction, the apparatus further com- 
prising position control means for controlling the 



positionofthereferencelightforreproductionrela- 
tive to the optical information recording medium 
using the information recorded in the positioning 
region. 

9. An optical information reproducing apparatus 
accordingtocIaim7,whereinthereproducingopti- 
calsystemprojectsthereferencelightforreproduc- 
tionandcollectsthereproductionlightsuchthatthe 
optical axis of the reference light for reproduction 
and the optical axis of the reproduction light are 
locatedonthesameline. 

10. An optical information reproducing apparatus 
accord ingtoclaim 7, wherein the reproduction ref- 
erenceltghtgenerationmeansgeneratestherefer- 
ence light for reproduction in a plurality of 
wavelength bands, and the detection means 
detectsthereproductionlightinthesame plurality 
ofwavelength bands. 

11. An optical information reproducing method for 
reproducing information utilizing holography from 
anopticalinformationrecordingmediumhavingan 
informationrecordinglayerinwhichtheinformation 
isrecordedintheformofaninterferencepatternas 

a result of interference between information light 
carrying the information and reference light for 
recording having a spatially modulated phase, the 
method comprisingthestepsof: 

spattallymodulatingthephaseoflighttogener- 
ate reference light for reproduction having a 
spatiallymodulatedphase; 
illuminatingtheinformationrecordinglayerwith 
thereferencelightforreproductionandcollect- 
ingreproductionlightgeneratedattheinforma- 
tion recording layerwhen illuminated with the 
reference light for reproduction on the same 
side of the information recording layer that is 
illuminated with the reference light for repro- 
duction;and 

detectingthecollectedreproductionlight. 

12. An optical information recording apparatus for 
recording information in an optical information 
recording medium havingan information recording 
layerinwhichachangeinabsorbanceoccursinan 
absorption spectrum thereof in the position of a 
wavelength ofincidentlightand in which informa- 
tion is recorded utilizing holography, the apparatus 
comprising: 

wavelength selection means for selecting a 
wavelengthoflightilluminatingtheinformation 
record inglayerfromamongaplura I ityofwave- 
lengths; 

informationlightgenerationmeansforgenerat- 
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ing information light having the wavelength 
selected by the wavelength selection means 
andcarryinginformation; 

recording referencelightgenerationmeansfor 
generating referencelightforrecording having 
the wavelength selected by the wavelength 
selectionmeans;and 

a recording optical system for illuminating the 
information recording layer on the same side 
thereof with the information I ightgenerated by 
theinformationlightgenerationmeansandthe 
reference light for recording generated by the 
recording reference light generation means 
such that the information is recorded in the 
information recording layer in the form of an 
interference pattern as a resultof interference 
betweentheinformationlightandthereference 
lightforrecording. 

13. Anopticalinformationrecordingapparatusaccord- 
ing to claim 12, wherein the optical information 
recording medium has a positioning region for 
recordinginformationforpositioningtheinformation 
lig htandthereferencel ightforrecordi ng,theappa- 
ratusfurthercomprisingpositioncontrolmeansfor 
controllingthepositionsoftheinformationlightand 
thereferencelightforrecordingrelativetotheopti- 
cal information recording medium using the infor- 
mationrecordedinthepositioningregion. 

14. An optica I information recordingappa ratusaccord- 
ingtoclaim12,whereintherecordingopticalsys- 
temprojectstheinformationlightandthereference 
lightfor recording such that theoptical axis of the 
information light and the optical axis of the refer- 
ence lightfor recording are located on the same 
line. 

1 5. Anopticalinformationrecordingmethodforrecord- 
ing information in anoptical information recording 
medium having an information recording layer in 
whichachangeinabsorbanceoccursinanabsorp- 
tion spectrum thereof in the position of a wave- 
length of incident light and in which information is 
recorded utilizingholography.themethod compris- 
ingthestepsof: 

selectingawavelengthoflightilluminatingthe 
information recording iayerfrom a mong a plu- 
ralityofwavelengths; 

generating information light having the 

selectedwavelengthandcarryinginformation; 

generating reference lightforrecording having 

theselectedwavelength;and 

illuminating the information recording layeron 

thesamesidethereofwiththeinformationlight 

and the reference lightfor record ing to record 

the information in the information recording 



layerintheformofaninterferencepatternasa 
result of interference between the information 
lightandthereferencelightforrecording. 

16. An optical information reproducing apparatus for 
reproducing information utilizing holography from 
anopticalinformationrecordingmediumhavingan 
informationrecordinglayerinwhichtheinformation 
isrecordedintheformofaninterferencepatternas 

a resultof interference between information light 

havingawavelengthselectedfromamongaplural- 

ityofwavelengthsandcarryingtheinformationand 

referencelightforrecordinghavingthe wavelength 

selectedfromamongapluralityofwavelengths,the 

apparatuscomprising: 

wavelength selection means for selecting a 
wavelengthoflightilluminatingtheinformation 
recordinglayerfromamongapluralityofwave- 
lengths; 

reproduction reference I ightgeneration means 
for gene rating reference light for reproduction 
having the wavelength selected by the wave- 
lengthselectionmeans; 
a reproducing optical system for illuminating 
the information recording layer with the refer- 
ence light for reproduction generated by the 
reproduction referencelightgeneration means 
andforcollecting reproduction lightgenerated 
atthe information recording layerwhen illumi- 
nated with the reference lightfor reproduction 
on the samesideofthe information recording 
layerthatistlluminatedwiththereferencelight 
forreproduction;and 

detectionmeansfordetectingthereproduction 
light collected by the reproducing optical sys- 
tem. 

17. An optical information reproducing apparatus 
accordingtoclaim 1 6,whereintheopticalinforma- 
tionrecordingmediumhasapositioningregionfor 
recording information for positioning the reference 
light for reproduction, the apparatus further com- 
prising position control means for controlling the 
positionofthereferencelightforreproductionrela- 
tive to the optical information recording medium 
using the information recorded in the positioning 
region. 

18. An optical information reproducing apparatus 
according to claim 16, wherein the reproducing 
optica Isystemprojectsthereferencelightforrepro- 
ducttonaridcollectsthereproductionlightsuchthat 
theoptical axis of the reference lightforreproduc- 
tionandtheopticaiaxisofthereproductionlightare 
locatedonthesameline. 

19. An optical information reproducing method for 



44 



*. 



87 



EP1065658A1 



88 



reproducing information utilizing holography from 

anopticalinformationrecordingmediumhavingan 

informationrecordinglayerinwhichtheinformation 

isrecordedintheformofaninterferencepatternas 

a result of interference between information light 

havingawavelengthselectedfromamongaplural- 

ityofwavelengthsandcarryingtheinformationand 

referencelightforrecordinghavingthewavelength 

selectedfromamongapluralityofwavelengths.the 

method comprisingthestepsof: 

selectingawavelengthoflightilluminatingthe 
information recording layerfrom among a plu- 
ralityofwavelengths; 

generatingreferencelightfonreproductionhav- 
ingtheselectedwavelength; 
illuminatingtheinformationrecordinglayerwith 
thereferencelightforreproductionandcollect- 
ingreproductionlightgeneratedattheinforma- 
tion recording layer when illuminated with the 
reference light for reproduction on the same 
side of the information recording layer that is 
illuminated with the reference light for repro- 
duction;and 

detectingthecollectedreproductionlight. 

20. An optical information recording apparatus for 
recording information in an optical information 
recording medium having an i nformation recording 
layerinwhichachangeinabsorbanceoccursinan 
absorption spectrum thereof in the position of a 
wavelength of incident lightand in which informa- 
tion is recorded utilizing holography, theapparatus 
comprising: 

wavelength selection means for selecting a 
wavelengthoflightilluminatingtheinformation 
recordinglayerfromamongapluralityofwave- 
lengths; 

information! ightgenerationmeansforgenerat- 
ing information light having the wavelength 
selected by the wavelength selection means 
andcarryinginformation; 
recording reference light generation means 
includingphasemodulationmeansforspatially 
modulating the phase of light, for generating 
reference light for recording having the wave- 
length selected by the wavelength selection 
meansandhavingaphasespatiallymodulated 
bythephasemodulationmeans;and 
a recording optical system for illuminating the 
information recording layeron the same side 
thereof with the information I ightgenerated by 
theinformationlightgenerationmeansandthe 
reference light for recording generated by the 
recording reference light generation means 
such that the information is recorded in the 
information recording layer in the form of an 



interference pattern asaresultof interference 
betweentheinformationlightandthereference 
lightforrecordtng. 

21 . Anopttcalinformationrecordingapparatusaccord- 
ing to claim 20, wherein the optical information 
recording medium has a positioning region for 
record inginformationforpositioningthei nformation 
lightandthereferencelightfonrecording.theappa- 
ratusfurthercomprisingpositioncontrolmeansfor 
controliingthepositionsoftheinformationlightand 
thereferencelightforrecordingrelativetotheopti- 
cal information recording medium using the infor- 
mationrecordedinthepositioningregion. 

22. Anopticalinformationrecordingapparatusaccord- 
ing to claim 20, wherein the recording optical sys- 
temprojectstheinformationlightandthereference 
lightfor recording such thatthe optical axis of the 
information lightand the optical axis of the refer- 
ence lightfor recording are located on the same 
line. 

23. Anopticalinformationrecordingmethodforrecord- 
ing information in an optical information recording 
medium having an information recording layer in 
whichachangeinabsorbanceoccursinanabsorp- 
tion spectrum thereof in the position of a wave- 
length of incident lightand in which information is 
recordedutilizingholography.themethod compris- 
ingthestepsof: 

selectingawavelengthoflightilluminatingthe 
information recording layerfrom among a plu- 
ralityofwavelengths; 

generating information light having the 

selectedwavelengthandcarryinginformation; 

spatiallymodulatingthephaseoflighttogener- 

ate reference light for recording having the 

selectedwavelengthandaspatiallymodulated 

phase;and 

illuminating the information recording layeron 
thesamesidethereofwiththeinformationlight 
and the reference light for recording to record 
the information in the information recording 
layerintheformofaninterferencepatternasa 
result of interference between the information 
lightandthereferencelightforrecording. 

24. An optical information reproducing apparatus for 
reproducing information utilizing holography from 
anopticalinformationrecordingmediumhavingan 
informationrecordinglayerinwhichtheinformation 
isrecordedintheformofaninterferencepatternas 

a result of interference between information light 
havingawavelengthselectedfromamongaplural- 
ityofwavelengthsandcarryingtheinformationand 
referencelightforrecordinghavingthewavelength 
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selectedfromamongapluralityofwavelengthsand 

havingaspatiallymodulatedphase.theapparatus 

comprising: 

wavelength selection means for selecting a 
wavelengthoflightilluminatingtheinformation 
recordinglayerfromamongapluralityofwave- 
lengths; 

reproduction reference I ightgeneration means 
includingphasemodulationmeansforspatially 
modulating the phase of light, for generating 
reference light for reproduction having the 
wavelength selected by the wavelength selec- 
tionmeansandhavingaphasespatiallymodu- 
latedbythephasemodulationmeans; 
a reproducing optical system for illuminating 
the information recording layer with the refer- 
ence light for reproduction generated by the 
reproduction reference lightgeneration means 
and forcollecting reproduction lightgenerated 
at the information recording layer when illumi- 
nated with the reference light for reproduction 
onthesamesideoftheinformationrecording 
layerthatisilluminatedwiththereferencelight 
forreproduction;and 

detectionmeansfordetectingthereproduction 
light collected by the reproducing optical sys- 
tem. 

25. An optical information reproducing apparatus 
accordingtoclaim24,whereintheopticalinforma- 
tion recording medium has a positioning regionfor 
recording information for positioning the reference 
light for reproduction, the apparatus further com- 
prising position control means for controlling the 
positionofthereferencelightforreproductionrela- 
tive to the optical information recording medium 
using the information recorded in the positioning 
region. 

26. An optical information reproducing apparatus 
according to claim 24, wherein the reproducing 
optica Isystemprojectsthereferenceltghtforrepro- 
ductionandcollectsthereproductionlightsuchthat 
theoptical axisof the reference lightforreproduc- 
tionandtheopticalaxisofthereproductionlightare 
locatedonthesameiine. 

27. An optical information reproducing method for 
reproducing information utilizing holography from 
anopticalinformationrecordingmediumhavingan 
informationrecordinglayerinwhichtheinformation 
isrecordedintheformofaninterferencepatternas 

a result of interference between information light 

havingawavelengthselectedfromamongaplural- 

ityofwavelengthsandcarryingtheinformationand 

referencelightforrecordinghavingthewavelength 

selectedfromamongapluralityofwavelengthsand 



having a spatially modulated phase, the method 
comprisingthestepsof: 

selectingawavelengthoflightilluminatingthe 
information recording layerfrom among a plu- 
ralityofwavelengths; 

spatiallymodulatingthephaseoflighttogener- 
ate reference lightfor reproduction having the 
selectedwavelengthandaspatialtymodulated 
phase; 

illuminatingtheinformationrecordinglayerwith 
thereferencelightforreproductionandcotlect- 
ingreproductionlightgeneratedattheinforma- 
tion recording layer when illuminated with the 
reference lightfor reproduction on the same 
side of the information recording layerthat is 
illuminated with the reference light for repro- 
duction;and 

detectingthecoliectedreproductiontight. 

28. An optical information recording apparatus for 
recording information in an optical information 
recording medium having an information recording 
layer in which information is recorded utilizing 
holography.theapparatuscomprising: 

apick-updeviceprovidedinaface-to-facerela- 
tionship with the optical information recording 
medium.thepick-updevicehaving: 
alightsourceforemittingbeamsoflight; 
informationlightgenerationmeansforspatially 
modulating the beams of light emitted by the 
lightsourcetogenerateinformationlightcarry- 
inginformation; 

recording referencetightgenerationmeansfor 
generating reference light for recording using 
thebeamsoflightemittedbythelightsource; 
and 

a recording optical system forilluminating the 
information recording layer on the same side 
thereof with the information lightgenerated by 
theinformationlightgenerationmeansandthe 
reference lightfor recording generated by the 
recording reference light generation means 
such that the information is recorded in the 
information recording layer in the form of an 
i nterference pattern as a resultof interference 
betweentheinformationlightandthereference 
lightforrecording. 

29. An optica I information record ingapparatus accord- 
ingto claim 28, wherein the recording optical sys- 
temprojectstheinformationtightandthereference 
light for recording such that the optical axis of the 
information light and the optical axis of the refer- 
ence light for recording are located on the same 
line. 
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30. An optical information record ingapparatusaccord- 
ingtoclaim28,whereinthelightsourceemitsthe 
beamsoflightinapluralityofwavelengthbands. 

31 . Anopticalinformationrecordingapparatusaccord- 
ingtoclaim28,whereinthepick-updevicehasfirst 
light quantity monitoring means for monitoring the 
quantity of the information light and second light 
quantitymonitoringmeansformonitoringtherefer- 
encel ig htforrecord i ng . 

32. Anopticalinformationrecordingapparatusaccord- 
ing to claim 28, wherein the pick-up device has 
reproduction light detection means for detecting 
reproduction light generated as a result of diffrac- 
tion of the reference lightfor recording caused by 
an interference pattern formed in the information 
recordtnglayerwhentheinformationisrecordedin 
theinformationrecordinglayer. 

33. Anoptica (information record ingappa ratusaccord- 
ing to claim 32, further comprising control means 
forcontrollingarecordingoperationbasedoninfor- 
mation of the reproduction light detected by the 
reproduction! ightdetectionmeans. 

34. Anopticalinformationrecordingapparatusaccord- 
ing to claim 32, further comprising control means 
for controlling illuminating conditions for the infor- 
mation light and the reference light for recording 
duringmultiplexrecordingbasedoninformationof 
the reproduction I ightdetectedbythe reproduction 
lightdetectionmeans. 

35. Anopticalinformationrecordingapparatusaccord- 
ingtoclaim28,whereinthepick-updevicehasfix- 
ingmeansforfixingtheinformationrecordedinthe 
form of an interference pattern in the information 
record! nglayer. 

36. Anopticalinformationrecordingapparatusaccord- 
ing to claim 28, wherein the optical information 
recording medium has: a recording region where 
the information can be recorded in the form of an 
interference pattern; and positioning regions pro- 
videdonbothsidesoftherecordingregionforposi- 
tioningtheinformationlightandthereferencelight 
forrecording t theapparatusfurthercomprisingcon- 
trolmeansforreciprocatingilluminatingpositionsof 
the information light and the reference light for 
recording by way of the recording region and at 
leastapartofthepositioningregionsonbothsides 
thereof so as to position the information light and 
the reference light for recording relative to the 
recording region based on information obtained 
fromthepositioningregions. 

37. Anopticalinformationrecordingapparatusaccord- 



ingtoclaim28,comprisingapluralityofthepick-up 
devices. 

38. An optical information reproducing apparatus for 
reproducinginformationfromanopticalinformation 
recording mediumhavingan information recording 
layer with information recorded therein utilizing 
holography.theapparatuscomprising: 

apick-updeviceprovidedinaface-to-fa (^rela- 
tionship with the optical information recording 
medium, thepick-updevicehaving: 
al ig htsou rceforem itti ng beam sofl ig ht; 
reproduction reference lightgeneration means 
for generating reference light for reproduction 
using the beams of light emitted by the light 
source; 

a reproducing optical system for illuminating 
the information recording layer with the refer- 
ence light for reproduction generated by the 
reproduction reference lightgeneration means 
and forcollecting reproduction lightgenerated 
atthe information recording layerwhen illumi- 
nated with the reference lightfor reproduction 
onthesame side of the information recording 
layerthatisilluminatedwiththereferencelight 
forreproduction;and 

detectionmeansfordetectingthereproductton 
light collected by the reproducing optical sys- 
tem. 

39. An optical information reproducing apparatus 
according to claim 38, wherein the reproducing 
opticalsystemprojectsthereferencelightforrepro- 
ductionandcollectsthereproductionlightsuchthat 
theaxisofthereferencelightforreproductionand 
theaxisofthereproductionlightarelocatedonthe 
sameline. 

40. An optical information reproducing apparatus 
according to claim 38, wherein the light source 
emitsthebeamsoflightinapluralityofwavelength 
bands, andthedetectionmeansdetectstherepro- 
duction light in the same plurality of wavelength 
bandsasthoseofthebeamsoflightemittedbythe 
lightsource. 

41. An optical information reproducing apparatus 
according to claim 38, wherein the pick-up device 
haslightquantity monitoring meansformonitoring 
thequantityofthereferencelightforreproduction. 

42. An optical information reproducing apparatus 
accordingtoclaim38,whereintheoptical informa- 
tion recording medium has: a recording region 
where information is recorded in the form of an 
interference pattern; and positioning regions pro- 
videdonbothsidesoftherecordingregionforposi- 
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tioning the reference light for reproduction, the 

apparatus further comprising control means for 

reciprocatingilluminatingpositionsofthereference 

lightforreproductionbywayoftherecordingregion 

andatieastapartofthepositioningregionsonboth 

sidesthereofsoastopositionthereferencelightfor 

reproductionrelativetotherecordingregionbased 

on information obtained from the positioning 

regions. 

43. An optical information reproducing apparatus 
accordingtoclaim38,comprisingapIuralityofthe 
pick-updevices. 

44. Anopticalinformationrecording/reproducingappa- 
ratusfonrec»rdinginformationinanoptica Informa- 
tion recording medium having an information 
recordinglayerinwhichinformationisrecordeduti- 
lizing holography and for reproducing the informa- 
tionfromtheopticalinformationrecordingmedium, 
theapparatuscomprisingapick-updeviceprovided 
in a face-to-face relationship with the optical infor- 
mation recording medium, the pick-updevice hav- 
ing: 

al ig htsourceforem itti ng beamsofl ig ht; 
informationlightgenerationmeansforgenerat- 
ing information light carrying information by 
spatiallymodulatingthebeamsoflightemitted 
bythelightsource; 

recordingreferencelightgenerationmeansfor 
generating reference light for recording using 
thebeamsoflightemittedbythelightsource; 
reproduction reference I ightgeneration means 
for generating reference light for reproduction 
using the beams of light emitted by the light 
source; 

arecording/reproducingopticalsystemfor:illu- 
minating the same side of the information 
recordinglayerwiththeinformationlightgener- 
atedbytheinformationlightgenerationmeans 
andthereferencelightforrecordinggenerated 
by the recording reference light generation 
meanssuchthattheinformationisrecordedin 
theinformationrecordinglayerintheformofan 
interference pattern asaresultof interference 
betweentheinformationlightandthereference 
lightforrecording; illuminating the information 
recording layer with the reference light for 
reproduction generated by the reproduction 
reference light generation means; and collect- 
ingreproductionlightgeneratedattheinforma- 
tioh recording layer when illuminated with the 
reference light for reproduction on the same 
side of the information recording layer that is 
illuminated with the reference light for repro- 
duction;and 

detectionmeansfordetectingthereproduction 



light collected by the reproducing/reproducing 
opticalsystem. 

45. An optical information reproducing apparatus 
accordingtoclaim44,comprisingapluralityofthe 
pick-updevices. 

46. An optical information recordi ng medium compris- 
ing: 

a first information layer for recording inform a- 
tion in theform of an interference patternasa 
resultofinterferencebetweeninformationtight 
andreferencelightforrecordingutilizingholog- 
raphy and for generating reproduction light 
associatedwiththerecorded information when 
illuminated with reference light for reproduc- 
tion;and 

asecondinformationlayerwhichisprovidedin 
apositiondifferentfromthepositionofthefirst 
information layer in the direction of the thick- 
ness and in which information is recorded 
usingmeansdifferentfromthatfortherecord- 
ingofinformationinthefirstinformationlayer. 

47. Anopticalinformationrecordingmediumaccording 
toclaim46,whereininformationforpositioningthe 
information light, the reference light for recording 
andthereferencelightforreproductionisrecorded 
inthesecondinformationlayer. 

48. Anopticalinformationrecordingmediumaccording 
toclaim46,whereinagaphavingapredetermined 
thickness is formed between the first and second 
informationlayers. 

49. Anopticalihformationrecordingmediumaccording 
toclaim48,furthercomprisingaspacerforseparat- 
ing the first and second information layers with a 
predetermined interval between them to form the 
gap. 

50. Anopticalinformationrecordingmediumaccording 
toclaim48, further comprising atransparentsub- 
strateprbvided betweenthefi rstand second infor- 
mationlayerstoformthegap. 
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